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ABSTRACT OF PROJECT
Parentage Analysis and Conservation Genetics Educational Material for the Eastern
Hellbender Salamander, Cryptobranchus alleganiensis alleganiensis

Populations of the Eastern hellbender salamander, Cryptobranchus alleganiensis
alleganiensis, are declining, making this a species of special concern in New York State
and under consideration for Federal Endangered Species listing. As a result of this
decline, the New York State Department of Environmental Conservation and the Buffalo
Zoo initiated a headstarting program with an egg mass found in the Allegheny River
drainage. The juveniles being raised by the Zoo will be released back into the watershed
and so understanding the genetic diversity and parentage of these hellbenders will inform
the reintroduction efforts. Furthermore, in order to determine how to conserve
hellbenders, the structure of their populations must be studied to determine the genetic
diversity present. Microsatellite markers are a powerful tool used to study the genetic
makeup of a population. Primers developed for the Eastern hellbender salamander were
used to amplify four separate microsatellite regions of hellbender DNA. The optimal
annealing temperatures of these primers were determined and 49 juvenile hellbenders at
the Buffalo Zoo were genotyped. Genotypes were then used to conduct a parentage
analysis with the COLONY software. The parentage analysis indicated approximately 16
parents (nine fathers and seven mothers). However, this result had very little statistical
support. It is unlikely, based on hellbender reproductive biology, for this extreme number
of parents (although allelic diversity indicates that there are at least four parents).
Genotyping a larger group of juveniles may provide a more accurate parent estimate.
Finally, educational material, in the form of a lesson plan and activity, was developed and
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tested for use in high school biology classes. This activity will be a resource for teaching
genetics. It may also serve as a way to spread the importance of conservation genetics
and introduce students to a unique and rare species of salamander.
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CHAPTER I: Introduction

In a time in which there are rapid declines in many wildlife populations, the use of
genetics has become a powerful tool for conservation. Among these rapidly declining
populations are amphibians. By 1993, it was determined that on five different continents,
there were over 500 populations of frogs and salamanders that were declining or listed as
conservation concern (Vial and Saylor 1993). Studies have suggested that amphibians are
grouped into networks of subpopulations in different regions, which are also known as
metapopulations (Pope et al. 2000; Marsh and Trenham 2001). Having an understanding
of how these subpopulations are dispersed in a given area, along with demographic
information on the area, will aid in making decisions on their conservation (Purrenhage et
al. 2009). Genetic techniques are used to study the structure of populations to then
determine what conservation decisions need to be made.
A decline in amphibian populations is a world-wide problem with each decline
having its own local causes (Alford et al. 1993). These causes may include UV radiation,
predation, habitat loss and modification, toxic and acidic chemicals in the environment,
disease, and changes in climate or weather patterns. There are also possible combinations
and interactions among these factors, and many of these may have human origins (Alford
et al. 1999; Storfer 2003).
Included among the declining populations of amphibians are salamanders.
Salamanders are possible keystone predators, which keep prey that are dominant in an
area from overusing resources that are limited. This can allow for more species to be able
to live together in a given area, or can also allow for a more even number of prey species
present in a community (Paine 1969). Certain genera of salamanders, including those

2

belonging to the genus Cryptobranchus, possibly regulate the population size of
invertebrates in aquatic environments. There can be serious negative effects on the
ecosystem as a result of the loss of keystone species such as salamanders (Chapin 1997).

Changes in Amphibian Populations
As populations decline in size they may become fragmented, which may inhibit
gene flow, thereby reducing the genetic variability in a population (Jehle and Arntzen
2002). Fragmentation events may in turn lead to declines in the size of a population,
which can lead to a genetic bottleneck within the population. A genetic bottleneck
generally leaves a population with an excess of homozygosity from the loss of alleles due
to genetic drift, with greater effects in small populations (Storfer 2003).
Many amphibian populations exist as metapopulations. Metapopulation theory is
becoming more popular as a basis for conserving species that live in patchy or
fragmented environments (McCullough 1996). Metapopulation studies are used to look
for areas that are colonized by a species and areas where species are extirpated (March
and Trenham 2001). The “ponds as patches” approach has often been used to study
amphibian populations (e.g. Gill et al. 1978; Sjogren 1991; Sjogren-Gulve and Ray 1994;
Edenhamn 1996; Hecnar and M’Closkey 1996; Skelly and Meir 1997). This approach
suggests four possible characteristics of amphibian metapopulations: (1) population
dynamics are shaped by processes that occur at breeding ponds, so focusing on ponds can
determine causes of local declines, (2) local extinction and recolonization among the
pond subpopulations should occur often, (3) random events lead to local extinctions in
places that would otherwise be suitable places for breeding, and (4) dispersal is limited
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among the subpopulations, and this isolation then affects colonization, extinction, and
occupancy (Marsh and Trenham 2001). These characteristics are important to keep in
mind when studying amphibian populations and determining their conservation status.

The Hellbender Salamander
The hellbender salamander belongs to the genus Cryptobranchus, which consists
of two subspecies: Cryptobranchus alleganiensis bishopi, commonly known as the Ozark
hellbender salamander, and Cryptobranchus alleganiensis alleganiensis, commonly
known as the Eastern hellbender salamander. The Ozark hellbender is found in southern
Missouri and northeastern Arkansas (Nickerson and Mays 1973). The Eastern hellbender
has a wider geographic range, as it is found in southern New York, and its range
continues down south to Georgia and Alabama, and west to Missouri. There is also a
population located in central Missouri (Nickerson and Mays 1973; Petranka 1998).
The hellbender is a giant, obligatory aquatic salamander. The average length of
these salamanders is 50 cm (Green and Pauley 1987; Petranka 1998). However, some
may grow to be as long as 74 cm (Nickerson and Mays 1973; Petranka 1998). Special
characteristics include a large flat head, wide neck, dorso-ventrally flattened body that is
heavily wrinkled, and a keeled tail (Green and Pauley 1987). Most of the time, respiration
in this salamander occurs through the skin rather than the lungs (Guimond 1970). The
characteristics of the habitat of a hellbender include water that is swiftly running,
shallow, and has a high oxygen content (Bishop 1941). Hellbenders are unique among
amphibians in that they can live for more than 20 years, which is a relatively long life
span (Taber et al. 1975; Wheeler et al. 2003).
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The hellbender is a diploid organism (Morescalchi 1975) that uses external
fertilization as its mode of reproduction (Pfingston and Downs 1989). The hellbender
breeding season begins in the fall. It starts as early as late August or early to midSeptember, and can start as late as November, depending on the region (Smith 1907;
Bishop 1941; Swanson 1948; Humphries and Pauley 2000; Dundee and Dundee 1965).
The male will choose a nesting site (Smith 1907) and females will enter the nest to
deposit eggs (Petranka 1998). The male will then fertilize the eggs (Pfingston and Downs
1989) and guard the nest (Smith 1907), until the eggs hatch in mid-winter (Bishop 1941).
Hellbender populations are rapidly declining throughout much of their range
(Foster et al. 2009; Wheeler et al. 2003; Bothner and Gottlieb 1991; Gottlieb 1991).
Among the factors implicated for this decline are habitat degradation due to the
development of recreation and agriculture in the natural habitats of hellbenders, and there
could also be possible toxic chemical runoff into the rivers from recreation and
agriculture (Wheeler et al. 2003). These factors have contributed to the classification of
hellbenders as near threatened on the IUCN (The World Conservation Union) Red List of
Threatened Species (IUCN 2011) and as a species of special concern in New York State
(NYSDEC 2011). The Ozark hellbender is on the endangered species list (October 2011)
and the Eastern hellbender is being considered for listing (US Fish and Wildlife Service
2011).
In order to determine the conservation status of a particular species, it is
imperative that changes in population sizes are monitored over a long-term time period
(Armbruster et al. 1999). Wheeler et al. (2003) conducted a long term study on
hellbenders over a 20 year time period. Five local populations (rivers in Missouri) and
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two subspecies of hellbenders (Eastern and Ozark) were used in this study. Over the 20+
year study of these hellbender populations, there was a 77% decrease in population size.
This decrease was consistent for all five populations and for the two subspecies. This
shows that there is a regional decline in hellbenders, rather than just a decline in
individual populations. There was also a shift in age structure of the populations, where
there were many older individuals. Possible reasons for this shift in age structure include
reproductive failure and low survival of eggs or young hellbenders (Wheeler et al. 2003).
Another study conducted by Foster et al. (2009) in 2004-2005 compared the
estimated population size and ecological density of hellbenders in the New York
Alleghany River drainage with those estimates from a study conducted in the 1980s
(Bothner and Gottlieb 1991; Gottlieb 1991). The 2004-2005 study showed an increase in
population size in three study sites compared to the 1980s, but a decrease in ecological
density in all but one study site. The 1980s study showed an ecological density of 1-6
hellbenders per 10 m2 of habitable area, while the 2004-2005 study showed an estimate
of 0-2 hellbenders per 10 m2. These numbers show an apparent decrease in these
hellbender populations, despite similar or improved characteristics of the hellbender
populations (i.e. presence of nests, clutch size, size class structure) in the upper
Alleghany drainage compared to those in the 1980s study (Foster et al. 2009).

The Hellbender Salamander and Conservation Genetics
Population genetic analysis has been incorporated into conservation studies to
understand the structure of natural populations. For example, gene flow in a population
can be estimated through the use of molecular genetics techniques. The dispersal patterns

6

that exist among populations can then be inferred (Storfer 2003). Traditional methods
used to find bottlenecks that occurred in the past for a population include measuring
heterozygosity and diversity of alleles (Spencer et al. 2000). Genetic markers such as
microsatellites are now used and they have been found to be successful in identifying
bottlenecks that have occurred, such as in British populations of the natterjack toad, B.
calamita (Beebee and Rowe 2001). Genetic markers can be used to determine if there
have been any recent fragmentation events or gene flow between populations (Storfer
2003).
Several genetic markers have been used to study population structure in
hellbenders. Allozymes were the first genetic marker used to study hellbender population
structure and can be used to determine heterozygosity and polymorphism. In a study
conducted by Merkle et al. (1977), 24 allozymes (loci) were studied in 12 hellbender
populations from mountainous areas of the eastern United States. The results showed a
very high amount of homozygosity. Most populations were also found to be
monomorphic at all loci. Shaffer and Breden (1989) studied hellbender populations from
the Gasconade River drainage in Missouri, and found very low levels of allozyme
variation.
Mitochondrial DNA (mtDNA) has also been used to study hellbender population
structure. Mitochondrial DNA has usually been shown to be more variable and to better
show the substructure of a population than nuclear markers of coding regions, such as
allozymes. Routman (1993) found that within hellbender populations (drainages),
mtDNA variation was lower than in other vertebrates. In contrast, there was a very high
amount of variation between hellbender populations (drainages). This raises the question
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of why there are differences in mtDNA and allozyme variation for hellbenders. Routman
(1993) explains that there was probably a bottleneck in the past, which was followed by
quick evolution of mtDNA and slow evolution of allozymes.

Microsatellites
Even though much has been learned through the use of allozymes and mtDNA,
other genetic markers known as microsatellites are now frequently being used to study
population structure. Microsatellites are a nuclear DNA-based marker (Goldstein and
Schlotterer 1999). Microsatellites are abundant in the genome of all eukaryotes and are
made up of tandem repeat units of DNA. They are usually less than five base pairs in
length for the repeat unit. Because of their differences in potential repeat sequences,
microsatellites have high variability (Neff and Gross 2001). This variability comes from
high mutation rates in the microsatellite regions. In order to amplify regions of
microsatellite DNA, sequence-specific PCR primers are used and fragments (alleles) are
separated with gel electrophoresis. Microsatellites are usually found in noncoding regions
of DNA and are considered neutral loci (Jehle and Arntzen 2002).
Johnson et al. (2009) and Unger et al. (2010) have both successfully designed
primers to amplify microsatellite regions of hellbender DNA. Collectively, they have
identified 20 polymorphic loci. Each locus contains between 2-12 alleles. Among the 20
loci, 10 of them have higher values of observed heterozygosity than expected
heterozygosity. The high amounts of variability present in hellbender microsatellites
make them ideal to study their population structure.
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Use of Microsatellites in Amphibian Conservation
Microsatellites are used to measure the amount of genetic variation in a
population. It is important to determine the genetic diversity, since this is what allows
species to adapt to the changing environment through natural selection. This is crucial to
the survival of a species. Decreases in genetic diversity can make a species less fit and
unable to adapt to changing environmental conditions (Lande 1988; Reed and Frankham
2003). A population’s ability to respond to natural selection is affected by the genetic
diversity at loci that have important functions, which include genes that code for proteins
(Vali et al. 2008). Neutral loci are used to study the genetic diversity of a population
(Hansson and Westerberg 2002). Although microsatellites are neutral, it is assumed that
variability in microsatellites indicates some amount of variability in other regions of the
genome (Vali et al. 2008).
Because of their high mutation rates, microsatellites are a useful tool in
determining the genetic diversity of a population (Vali et al. 2008). Microsatellites are
effective in determining changes in the dispersal rates of populations (Purrenhage et al.
2009). Since amphibians generally do not move over large distances, they are ideal to use
for studying barriers to dispersal of individuals. Microsatellites can be used to see if
recent bottlenecks are responsible for small population sizes. When looking at a
population located at its geographic range limit, it can be difficult to determine if the
population is native to that area or if it was translocated there by humans. Beebee (2005)
explains one study in which microsatellites were used to study these types of populations
to determine if they are native or invasive. Knowing if the populations are native or
invasive could make the difference between efforts to get rid of the species from this area
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or to conserve it. This study involved a particular population of the pool frog Rana
lessonae in Britain. It was originally assumed that this frog was introduced into the
region. Two independent studies used microsatellites and RAPD (Random Amplified
Polymorphic DNA) markers in a phylogeographic analysis of this frog population. Both
studies were able to show that this frog was actually a native at the edge of its range
(Zeisset and Beebee 2001; Snell et al. 2005). This is a prime example in showing the
importance of the use of microsatellites in determining the conservation status of a
population.
A second important application of microsatellites is their use in a parentage
analysis. A parentage analysis can be used for studying aspects of populations such as
dispersal (Dow and Ashley 1996) and conservation (Haig 1998; Planes et al. 2009).
Microsatellites can be extremely successful in a parentage analysis of a population (Jones
et al. 2010) and are the overall best choice of marker to use for this purpose (Pemberton
2009). Important conservation information that a parentage analysis can provide includes
the structures of families within a population, along with the number of parents that
contributed to a set of offspring (Jones et al. 2010). This information can help in
understanding the structure of a population, which can aid in the reintroduction of
populations in conservation efforts (Schwartz 2005).

New York Hellbender Conservation
In an effort to help conserve the Eastern hellbender salamander, the Buffalo Zoo
and New York State Department of Environmental Conservation have been collaborating
on the Eastern Hellbender Headstart Project. During the Fall of 2009, over 800
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hellbender eggs were found under one rock in the Alleghany River. These eggs were
collected, hatched, and raised at the Buffalo Zoo. The goal of this project was to raise the
hellbenders in captivity to increase their survival rate. The hellbenders are being released
back into the river once they reach a large enough size that will increase their chances of
escaping predation. After release, the health and survival rate of the hellbenders will need
to be tracked, which will show if the headstart project is a successful method to help
conserve a declining species (Danielwicz 2010).

Objectives
My objectives for this study were to:
1.) Determine the optimal annealing temperature for five microsatellite loci for
the Eastern hellbender salamander, starting with published temperatures (Unger et
al. 2010).
2.) Genotype the DNA samples collected from the Buffalo Zoo hellbenders to
determine genetic diversity at the loci Call26, Call171, Call204, Call205, and
Call232.
3.) Conduct a parentage analysis to determine the number of parents that
contributed to the zoo “family”.
4.) Develop educational material in the form of a lesson plan and activity to be
used in high school biology classes on how genetics is used to study population
structure and how this is then applied to conservation.
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CHAPTER II: The development of optimal PCR conditions for microsatellite loci
for the Eastern hellbender salamander
INTRODUCTION
Eastern hellbender salamanders have been declining throughout much of their
range (Foster et al. 2009; Wheeler et al. 2003; Bothner and Gottlieb 1991; Gottlieb 1991)
and have become a conservation concern in many states. One way to understand the
impact of such declines is to use neutral genetic markers to investigate genetic diversity
and genetic structure of populations. Microsatellite markers, short tandem DNA repeats
found in genomic DNA, are an excellent marker for these kinds of studies. Because they
are transmitted in a Mendelian fashion, they are also very useful in investigations of
parentage. Johnson et al. (2009) and Unger et al. (2010) collectively designed primers to
amplify 20 microsatellite regions of hellbender DNA. The purpose of this portion of
research was to optimize the annealing temperature and other PCR conditions for five of
these microsatellite loci.

METHODS
Sample Collection and DNA Extraction and Quantitation
DNA used to optimize the microsatellite primers was obtained from hellbenders
held at the Buffalo Zoo as part of their hellbender headstart program. Two types of
hellbender samples were collected; skin samples were used to determine initial PCR
conditions, and tissue samples were used for actual data collection. The skins were shed
by the hellbenders, collected from the tank with forceps, placed onto filter paper, and
allowed to dry at room temperature. The skin samples were stored on the filter paper in
envelopes until they were used for DNA extractions. Each tank contained several
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hellbenders and so individual animals could not be identified. Therefore, the skins were
primarily used for the development of PCR (Polymerase Chain Reaction) conditions.
Genotyping and parentage analysis was done with DNA from tissue samples in the form
of tail clippings or blood spots that were collected from 50 pit-tagged hellbenders from
the Buffalo Zoo in July 2011. Hellbenders were anesthetized with a dilute solution of
MS-222 (tricaine methanesulfonate). While under anesthesia, PIT (Passive Integrated
Transponder) tags were inserted into the larval hellbenders and from some animals a
small (~10 mg) piece of tissue was removed from the end of the tail with ethanol cleaned
surgical scissors. These samples were stored in 70% ethanol at -80°C until extraction.
Animals that were not tail clipped were sampled by inserting a small bore needle at the
base of the tail and collecting two or three blood spots on filter paper. Blood on filter
paper was allowed to dry and then stored in paper envelopes at room temperature until
extraction.
DNA was extracted using the Qiagen DNEasy Blood and Tissue kit, following a
modified cell extraction procedure (Appendix A). After extraction, DNA was quantitated
using a VersaFluor Fluorometer (BioRad) to determine the concentration of DNA in the
sample (Appendix B). The DNA was diluted to 10ng/µl with TLE buffer (10mM TrisHCl and 1mM EDTA, pH 7.0) and stored in microcentrifuge tubes at 4oC.

Microsatellite Primers, PCR, and Gel Electrophoresis
Unger et al. (2010) developed forward and reverse primers, each for a specific
microsatellite locus for the Eastern hellbender salamander, for a total of 12 loci. A
different set of primers were developed by Duvra for the same purpose. Primers
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developed for loci Call26, Call171, Call204, Call205, and Call232 were used for
amplification of microsatellite regions of DNA, with the PCR product ranging from 113252 base pairs, depending on the locus. These microsatellite loci all contain
tetranucleotide repeats. The condition that varies for each locus is the annealing
temperature; therefore the optimal annealing temperatures had to be determined. Various
procedures were used to determine the optimal annealing temperature for PCR, including
touchdown and gradient thermal regimes. Touchdown brings the thermal regime through
a series of annealing temperatures, starting at a higher temperature and progressively
dropping to lower temperatures throughout the PCR cycles. More specific annealing
occurs at higher temperatures and less specific annealing occurs at lower temperatures.
The goal was to avoid amplifying nonspecific sequences. The PCR products were
separated on a 5.5% acrylamide gel (protocol in Appendix C) and viewed with a UVP
BioImaging System after staining with SYBR Gold. Success of the PCR amplification
was achieved when there was clean band formation (Figure 1). A temperature range was
chosen for a locus in the gradient thermal regime, and PCR products were tested within
this range of annealing temperatures (i.e. for a range of 50o to 60oC, PCR products may
be tested at chosen temperatures of 50o, 55o, and 60oC). The products were then separated
on an acrylamide gel. The gel lane with the cleanest bands indicates the best annealing
temperature for a particular locus.
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Figure 1: Example of clean band formation for locus Call 232 in a 5.5% acrylamide gel
stained with SYBR Gold. Lanes 2-5 at 63oC with Duvra’s primers. Lanes 6-9 at 63oC with
Duvra’s forward and Unger’s reverse primers. Lanes 12-15 at 64oC with Duvra’s
primers. Lanes 16-19 at 64oC with Duvra’s forward and Unger’s reverse primers. Lanes
10 and 20 are blank. Lanes 1 and 11 are 10 bp ladder. Duvra’s forward and Unger’s
reverse primers at 64oC (lanes 16-19) have the best annealing temperature for locus Call
232 (indicated by the boxed bands), with the four lanes representing four different
hellbenders.

For both the touchdown and gradient procedures, microsatellite loci were
amplified in 20µL volumes containing 10ng template DNA, 1X PCR buffer without
MgCl2 (10mM Tris-HCl, 50mM KCl, pH 8.3, New England BioLabs (NEB)), 0.2mM
each dNTP, 1.5 mM MgCl2, 0.8 µM each forward and reverse primers, and 1U Taq DNA
polymerase (NEB). The touchdown thermal regime consisted of a 5 min denaturation
time at 94oC, 19 repeat cycles of 30 s at 94oC, 30 s at a locus specific temperature
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(-0.5 oC per cycle), 13 repeat cycles of 30 s at 94oC, 30 s at a locus specific temperature,
30 s at 72oC, with an additional 72oC for 10 min, with a 4oC hold. The gradient thermal
regime consisted of a 5 min denaturation time at 94oC, 35 repeat cycles of 30 s at 94oC,
30 s at a locus specific range of temperatures, 30 s at 72oC, with an additional 72oC for 10
min, with a 4oC hold. The initial touchdown temperature ranges used for the loci were
55-65oC for Call26, 52-62oC for Call171 and Call204, and 60-65oC for Call205 and
Call232. These temperature ranges were chosen based on the annealing temperatures
Unger et al. (2010) published for their primers. Based on the results for these initial
temperature ranges, various temperatures within that range were tested to determine the
optimal annealing temperature for each locus specific primer.

DNA Genotyping
An inexpensive method as outlined in Schuelke (2000) was used for detection of
PCR products on a CEQ 8000 Genetic Analysis System (Beckman Coulter). In this
method, a forward primer with an added M13 forward sequence was used, in addition to
a fluorescent tag with an identical M13 forward sequence. The M13 is a universal tail for
primers (Blacket et al. 2012). This method was also used with M13 reverse and CAG tags
(Table 1). The M13 forward sequence labeled the forward primer and fluorescent tag for
loci Call26 and Call232 at the 5’ end. The M13 reverse sequence labeled the forward
primer and fluorescent tag for locus Call205 at the 5’ end. The CAG sequence labeled the
forward primer and fluorescent tag for locus Call204 at the 5’ end. The locus Call171 had
the M13 fluorescent tag labeled on the forward primer at the 5’ end. Table 1 lists the
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sequences of the forward primers, reverse primers, and fluorescent labeled tag used for
each locus.

Table 1: Primer and fluorescent labeled tag sequences for five microsatellite loci for
Cryptobranchus alleganiensis alleganiensis. Sequences are labeled in the 5’ to 3’
direction. The name of the fluorescent tag is given in parenthesis after the sequence. The
letters (D) and (U) after the primer sequences indicate the designer of the primer. F =
forward primer, R = reverse primer, (D) = Duvra primer, (U) = Unger primer. The
colors of the fluorescent tags are indicated by the notation [D3] and [D4]. [D3] = green
and [D4] = blue. The M13 forward tag method is from Schuelke (2000) and the M13
reverse and CAG tag methods are from Travis Glenn, pers. comm.
________________________________________________________________________
Locus Primer
Fluorescent tag sequence (name)______
Call26

F: CCCATAATGGTAATAGCTGCAT(D)
[D4]GAGTTTTCCCAGTCACGAC (M13 forward)
R: GGACCCTTGTTCCAGATTCA(D)

Call171 F: [D4]*GGTGAGCGCTCTACAAG(D)
*
R: TCCAGCCTTATGTGTCAGACC(U)

Call204 F: AGGTCAGGCAAACGCTTAAC(D)
[D4]CAGTCGGGCGTCATCA (CAG)
R: TGCCACAGGTCAGATGTCTC(D)

Call205 F: TTTGAGCTCTCTTGGCTTATG(U)
[D3]GGAAACAGCTATGACCAT (M13 reverse)
R: TGGACTCCTTCCCTTTCTCC(U)

Call232 F: GTATGCCTGGCACATAACCA(D)
[D4]GAGTTTTCCCAGTCACGAC (M13 forward)
R: CCACCATAAGATTCACACTGC(U)
____________________________________________________________________________________________________________

* Locus Call171 is labeled with the D4 fluorescent tag, and therefore has no separate
fluorescent tag added
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In the fluorescently tagged PCR reaction (Figure 2), the reactants consisted of a
forward primer that included a 16-19 base pair tail at the 5’end (M13 forward (19 bp) or
reverse (18 bp), or a CAG tail (16 bp), see Table 1), a reverse primer, and a M13 primer
(or CAG primer) labeled with a fluorescent WellRED dye (D2, D3, or D4) at the 5’ end
(http://www.sigmaaldrich.com). In the first round of PCR, the tailed forward primer is
incorporated into the PCR product. In the second round of PCR, the reverse primer
extends the PCR segment to include the tail (the fluorescent label is not yet recognized).
By the third round, the fluorescent tag is incorporated into the PCR product, and the tag is
now the primer for all subsequent PCR cycles.
Microsatellite loci Call26, Call205, and Call232 were amplified in 15µL volumes
containing 10ng template DNA, 1X PCR buffer without MgCl2 (10mM Tris-HCl, 50mM
KCl, pH 8.3, (NEB)), 0.2mM each dNTP, 1.5mM MgCl2, locus specific concentrations of
forward and reverse primers (Table 2), locus specific concentrations of fluorescently
labeled tag (M13 forward, M13 reverse, or CAG, see Table 2), and 1U Taq DNA
polymerase (NEB). The microsatellite locus Call204 was amplified in 15µL volumes
containing 10ng template DNA, 1X PCR buffer without MgCl2 (20mM Tris-HCl, 50mM
KCl, pH 8.4, (Invitrogen)), 0.2mM each dNTP, 1.5mM MgCl2, 0.067µM forward primer,
0.0013µM reverse primer, 0.067µM of fluorescently labeled tag, and 1U Platinum Taq
DNA polymerase (Invitrogen). The tagged PCR thermal regime consisted of a 5 min
denaturation time at 94oC, 30 repeat cycles of 30 s at 94oC, 45 s at a locus specific
temperature (Table 2), 45 s at 72oC, 8 repeat cycles of 30 s at 94oC, 45 s at 53oC, 45 s at
72oC, with an additional 72oC for 10 min, with a 4oC hold (Schuelke 2000). Locus
Call204 was eliminated from the final analysis due to problems with PCR amplification.
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Figure 2: Amplification scheme for the fluorescently tagged PCR method. (A,B) The
hatched boxes indicate the microsatellite-specific primers, (C) the undulating gray box
the universal M13(-21) sequence, and the star the fluorescent FAM label (in this case
WellRED dye).(D) The forward primer with the M13(-21) tail is incorporated into the
PCR products during the first cycles. (E) The FAM-labeled (or WellRED dye-labeled)
universal M13(-21) primer is incorporated into the PCR products at a lower annealing
temperature during subsequent cycles. (F) The final labeled PCR product can be
analyzed on a laser detection system (from Schuelke 2000).
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Table 2: Characterization and working conditions of five polymorphic microsatellite loci
used for Cryptobranchus alleganiensis alleganiensis. Working conditions are based on the
primer sequences listed in Table 1. TA = annealing temperature for primers (oC),
[Primer] = primer concentration in µM, and [Tag] = fluorescent tag concentration in
µM.
________________________________________________________________________
Locus GenBank*
Motif
TA
[Primer]**
[Tag]*** PCR product sizes
Call26

GU350693.1

(GATA)18

60

F: 0.33

0.67

205-233

****

114-142

0.067

175-211

0.067

191-215

0.067

190-218

R: 0.67
Call171 GU350695.1

(GATA)13

50-60

F:0.167
R: 0.167

Call204 GU350696.1

(GATA)21

60

F:0.067
R: 0.0013

Call205

GU350697.1

(GATA)20

60

F:0.067
R: 0.0013

Call232 GU350698.1

(TGTC)18

64

F: 0.067
R: 0.0013

________________________________________________________________________
*Accession numbers from GenBank
**Although different primer concentrations were used for different loci, the lowest
concentrations should be sufficient for all loci
*** Although different fluorescent tag concentrations were used for different loci, the
lowest concentrations should be sufficient for all loci
**** Locus Call171 is labeled with the D4 fluorescent tag, and therefore has no separate
fluorescent tag added
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The microsatellite locus Call171 was amplified in 15µL volumes containing 10ng
template DNA, 1X PCR buffer without MgCl2 (10mM Tris-HCl, 50mM KCl, pH 8.3,
NEB), 0.2mM each dNTP, 1.5mM MgCl2, 0.167µM forward and reverse primers, and 1U
Taq DNA polymerase (NEB). The tagged PCR thermal regime used for locus Call171
was a touchdown thermal regime, modified by including the thermal regime of Schuelke
(2000), with an additional eight cycles with an annealing temperature of 53oC at the end.
The PCR thermal regime consisted of a 5 min denaturation time at 94oC, 17 repeat cycles
of 30 s at 94oC, 45 s at 60oC (-0.5oC per cycle), 45 s at 72oC, 13 repeat cycles of 30 s at
94oC, 45 s at 50oC, 45 s at 72oC, 8 repeat cycles of 30 s at 94oC, 45 s at 53oC, 45 s at
72oC, with an additional 72oC for 10 min, and a 4oC hold.
When genotyping all of the hellbender samples at a particular locus, both positive
and negative controls were used. Positive controls were duplicates of samples being
genotyped. This made up 13% of samples genotyped. Negative controls contained
deionized water instead of DNA, which made up 9% of samples genotyped.
The PCR products were separated through capillary electrophoresis in a Beckman
CEQ 8000 Genetic Analysis System (Appendix D). The PCR product was first diluted
with SLS (sample loading solution, Ameresco A.C.E. low conductivity formamide and
0.5M EDTA, pH 8). SLS and FRAG 400 (a DNA size standard with known fragment
sizes up to 420 base pairs in length, Beckman Coulter) made up a “master mix” (see
Table 3) and were added to the wells in the gel tray along with the diluted PCR product.
After loading the gel tray into the CEQ machine, either the Frag 3 method or Frag 3 short
injection method, depending on the locus, was used for the injection and separation
program. Table 3 shows the dilutions and CEQ programs used. Upon data collection,
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genotype and allele frequencies were determined using 50 hellbender samples collected
from the Buffalo Zoo.

Table 3: (A) Dilutions of PCR product and programs used on the Beckman CEQ 8000
machine. The first number indicates the amount of SLS to add into each PCR tube for the
first dilution. The second number indicates the amount of SLS per PCR tube to add to a
master mix. The third number indicates the amount of master mix to add into each well in
the gel tray. The fourth number indicates the amount of diluted PCR product to add to
each well in the gel tray. (B) Details on the Frag 3 method and Frag 3 short injection
methods. Differences between the two methods are indicated in parentheses.
A
________________________________________________________________________
Locus PCR tube(µL) Master mix(µL) Gel tray wells(µL) Diluted PCR(µL)

CEQ program

Call26

15

15

15

15

Frag 3

Call171

15

25

25

5

Frag 3
short inj

Call205

15

20

20

15

Frag 3

Call232
0
20
20
7
Frag 3
________________________________________________________________________

B
________________________________________________________________________
Capillary
Denature
Inject
Separate
Pause
temp = 50oC

temp = 90oC

voltage = 2.0 kV

voltage = 6.0 kV

wait for temp = yes

duration = 120 sec

duration = 30 sec
(15 sec for Frag 3
short inj)

duration = 35.0 min

0 min

________________________________________________________________________
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RESULTS
Determination of Genotype and Allele Frequencies
Genotyping results were 100% successful amplification of Call26 and Call232,
96% of Call 205, and 92% of Call171. The use of the M13 labeled forward primer and
M13 labeled fluorescent tag resulted in successful amplification of locus Call26, Call205,
and Call232. Locus Call171 was successfully amplified with the use of a fluorescently
labeled forward primer. Different primer and fluorescent tag concentrations were used for
each locus, with the highest concentration used with the loci first genotyped, and the
lowest concentration with the locus last genotyped. Table 1 lists the characteristics for
each locus.
Genotype and allele frequencies were determined for each locus. There were 7
alleles found at the loci Call26 and Call232; 6 alleles were found at Call205; and 5 alleles
were found at Call171 (Figure 3). The most common allele at Call26 was 209 (Figure 3)
and the most common genotype was the heterozygote 213/225 for the hellbenders
sampled (Figure 4). The most common allele at Call171 was 122 (Figure 3) and the most
common genotype was the homozygote 122/122 and the heterozygote 122/130 (Figure
4). The most common allele at Call205 was 199 (Figure 3) and the most common
genotype was the homozygote 199/199 (Figure 4). The most common allele at Call232
was 218 (Figure 3) and the most common genotype was the heterozygote 202/218 for the
hellbenders sampled (Figure 4).
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D

Figure 3: Allele frequencies at locus Call26 (A), Call171 (B), Call205 (C), and Call232
(D). Allele designations are in base pair sizes.
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B

C

D

Figure 4: Genotype frequencies at locus Call26 (A), Call171 (B), Call205 (C), and Call232 (D). Genotype designations are in base
pair sizes.
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Among the negative controls used, 93% were contaminated, containing primer
peaks, allele peaks, or both primer and allele peaks. The RFU values for the sizes of the
allele peaks for the samples compared to the negative controls were approximately 2 to 6
times larger. The exception to this was that for Call205, the negative control peaks were
approximately 1.2 times larger than the allele peaks for the samples. The primer and
allele peaks for Call171 were approximately the same size. Call205 contained only
primer peaks. The primer peaks for Call232 were approximately 4.5 times larger than the
allele peaks, while the allele peaks were approximately 1.4 times larger than the primer
peaks for Call26. Among the positive controls, approximately 17% of the samples did not
amplify the allele peaks. For the positive control samples that had proper amplification,
all samples, with the exception of one, resulted in the amplification of the same alleles.
One positive control (87142) was run four different times. Three times resulted in the
amplification of alleles 210 and 218, and one time resulted in the amplification of allele
207.
It was found that one sample (86906) had three peaks at more than one locus. It
was determined that both the diluted and stock solution of the DNA for this sample may
have had two different samples included. Because of possible contamination, this sample
was eliminated from the analysis, resulting in a total of 49 rather than 50 hellbenders
genotyped.
Locus Call204 was not successfully amplified with either the M13 forward, M13
reverse, or CAG labeled forward primers. The M13 forward primer resulted in the
formation of several peaks on the Beckman CEQ8000, most likely due to nonspecific
primer annealing. Both the M13 reverse and CAG tags resulted in the formation of the
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expected allele sizes in the range of 175-211, in addition to the formation of peaks in the
range of 140-150 for 41% of the samples, with some samples containing three peaks. Due
to these results, locus Call204 was excluded from the data analysis.

DISCUSSION
During the development of optimal PCR conditions for amplification of alleles at
the loci Call26, Call171, Call204, Call205, and Call232, different concentrations of the
forward primers, reverse primers, and fluorescent tags were used. Different
concentrations were used to determine the concentration that produces the cleanest
results. However, lower concentrations of primers and fluorescent tag should be
sufficient to successfully amplify all loci and will save money, since fluorescent primers
are expensive. Lower concentrations may also be more effective, since this resulted in
lowering the amount of nonspecific binding of primers. Also, two different colors were
used for the M13 fluorescent tag. The blue fluorescent (D3) WellRED dye had a stronger
amplification than the green fluorescent (D4) WellRED dye.
The results for the allele frequencies show that not all of the possible alleles were
present in this sample of hellbenders. Since these microsatellite loci are all
tetranucleotide repeats, the interval between allele numbers is four base pairs. The graphs
for the allele frequencies indicate that not all the expected alleles were present (221 for
locus Call26; 118, 134, and 138 for locus Call171; 211 for locus Call205; and 194 for
locus Call232). This is because this group of hellbenders are all part of a family group;
therefore, there may be missing alleles because these alleles are not present in this family.
It is also possible that not all alleles are present due to the sample size of 49 hellbenders.
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If more hellbenders were sampled in this family group, the missing alleles may possibly
be observed. This also explains why not all of the possible genotypes were observed.
Genotypes collected for locus Call204 were eliminated in the final analysis. Many
of the genotyped samples contained one allele in the range of 140-150 base pairs, and
another allele in the 200 base pair size range. It is possible that the microsatellite being
amplified has a duplicate microsatellite region in another location in the genome (Paul
Hime, pers. comm.). This could lead to possible competition for allele amplification
during PCR. If this is the case, it appears that for 41% of the samples, one peak was
amplified in the 140-150 base pair range, and then a second peak was amplified in the
200 base pair range, resulting in a possible false homozygote for these samples, rather
than amplification of two alleles in the expected 200 base pair range. All samples with a
peak in the 140-150 base pair range only had one peak in the 200 base pair range.
Even though the negative controls all contained peaks, these peaks were two to
six times smaller in size than the peaks for the alleles. However, locus Call205 had
negative control peaks that were 1.2 times larger than the allele peaks in the genotyped
samples. The majority of the genotyped Call205 samples were over-diluted with SLS,
resulting in small peaks. The samples with the smallest peaks were re-genotyped with a
higher concentration of PCR product, which resulted in larger allele peaks. Even though
many of the controls contained extra peaks, the expected allele peaks were overall much
larger in size, indicating that the collected genotypic data is valid.
The development of optimal PCR conditions for the loci Call26, Call171,
Call205, and Call232 should be a useful tool to study genetic variability and the
population structure of the Eastern hellbender salamander. Genotyping hellbenders with
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these loci provide data to next be used in a parentage analysis, in which the family
relationships among a group of genotyped hellbenders can be determined, along with the
number of parents that contributed to a group of offspring.
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CHAPTER III: Parentage analysis of the Buffalo Zoo hellbenders

INTRODUCTION
With the development of microsatellites, parentage analysis has been more
commonly used for various applications. Microsatellites have enabled this to occur since
they are codominant, single-locus, and highly variable markers (Avise 2004; Pemberton
2009) which follow the rules of Mendelian genetics (Thompson 1975). The desired result
of a parentage analysis often is to assign the true parents to every sampled offspring in a
population. However, the ultimate goal of a parentage analysis may not be to assign true
parentage to all offspring, but rather to evaluate a particular ecological hypothesis, in
which perfect parentage assignments may not be necessary (Jones and Arden 2003).
Gopurenko et al. (2006) used a parentage analysis to study the mating habits of the
eastern tiger salamander, Ambystoma tigrinum tigrinum. Parental genotypes could be
confidently reconstructed since approximately half (44%) of the progeny arrays had
multiple parents. Emery et al. (2001) reconstructed parental genotypes of unknown
parents from a set of offspring of the veined squid Loligo forbesi, which came from three
egg strings collected from one location. Identical maternal and paternal genotypes were
found for the three egg strings, suggesting that one female produced the three egg strings,
which were fertilized by the same four males. Valenzuela (2000) discovered multiple
paternities present in the side-neck turtle Podocnemis expansa, which is the first time this
has been found in the suborder Pleurodira. Multiple paternities may have positive
outcomes for this endangered species, as it may reduce the loss of genetic variability
from genetic drift. These studies indicate that a parentage analysis can be successfully
used to evaluate various ecological hypotheses.
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Microsatellite markers have proven to be a very powerful tool in parentage
analysis. Techniques for parentage analysis were first grouped into four main categories:
exclusion, categorical allocation, fractional allocation, and parental reconstruction (Jones
and Arden 2003). Since then, improvements made in parentage analysis techniques
resulted in the addition of two categories: full probability parentage analysis and sibship
reconstruction. The method of parentage analysis used in a study is largely based on the
amount of available information in the form of collected data. The exclusion method
looks at the genotype of a candidate parent and compares it to one offspring at a time. If
the genotype of the candidate parent does not share at least one allele with the offspring,
then that parent is excluded as a possible parent. The categorical allocation method is
used if complete exclusion is not possible. The candidate parent with the highest
likelihood of being the true parent is assigned to an offspring. In the fractional allocation
method, likelihoods of parentage are determined in the same way as in categorical
allocation. The difference is that each offspring is assigned to a number of nonexcluded
candidate parents, based on their relative likelihoods of parentage. In the full probability
parentage analysis, a modeling framework is used to estimate parentage. Both patterns of
parentage and other population-level variables can potentially be estimated
simultaneously with this method. Parental reconstruction can be used if there are no
known candidate parents. Parental genotypes are reconstructed by using the genotypes of
offspring in full or half sibling families. The genotype of the shared parent is determined
by identifying the shared allele among offspring. This method can work well when using
highly polymorphic genetic markers. A sibship reconstruction can be used if there are no
known parents and if groups of full or half-siblings are unknown. However, there must be
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some full and half-siblings present in the sample of offspring. Maximum likelihood
methods are used to place offspring into groups of full-siblings, half-siblings, and
unrelated individuals. The genotypes of the parents can then be reconstructed based on
the full and half-sibling groups (Jones et al. 2010).
When conducting a parentage analysis, typing errors must be considered. Typing
errors tend to be common and can negatively impact a parentage analysis if they are not
taken into consideration. Not only can they cause an individual to be incorrectly placed
into a genetic (sibling) group, but typing errors will also then affect the placement of this
individual’s siblings. This can further lead to incorrect inferred parental genotypes,
thereby making the sibship reconstruction inaccurate (Wang 2004).
Sources of typing errors include mutations in the microsatellite sequence,
miscalling alleles, errors in data entry, and genotyping errors (Wang 2004). There are
several causes of genotyping errors, which include the following: low concentrations of
template DNA (Wandeler et al. 2003), dropout of large sized alleles, where amplification
of small alleles is preferred during PCR (Wattier et al. 1998), slippage of DNA
polymerase during amplification, which produces stutter products that may differ by
multiples from the other alleles (i.e. if the expected alleles differ from each other by
multiples of four bases, the stutter products also differ by multiples of four bases, making
it possible to misidentify a stutter product as an allele) (Shinde et al. 2003), and null
alleles, alleles that may not be amplified when there are mutations in primer regions,
resulting in a false homozygote (Shaw et al. 1999).
Wang (2004) grouped genotyping errors into two classes. Class I typing errors
consist of allelic dropouts, which seem to have the most detrimental effects on parentage
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analysis when using microsatellites (Gagneux et al. 1997). Class II typing errors include
all types of stochastic errors, which can come from miscalling, false alleles, mutations,
contaminated DNA, and data entry. Class II errors are usually less frequent than class I
errors (Wang 2004). The program MICRO-CHECKER has been developed for
identifying genotyping errors caused by null alleles, allelic dropout, and mis-scored
alleles due to stuttering of DNA polymerase. The program checks for deviations from
Hardy-Weinberg equilibrium and indicates which genotyping error is responsible for this
(Oosterhout et al. 2004).
There are two computer programs that have been developed for parental
reconstruction, GERUD and PARENTAGE. GERUD uses an exhaustive algorithm to
find the minimum number of parents needed to explain the set of offspring, along with
their genotypes, by using multilocus data. If the genotypes of both parents are unknown,
GERUD will find all possible genotypes of a shared parent among the offspring (Jones et
al. 2010). GERUD is designed to analyze genotypes that only come from full and half
siblings (Jones 2005). Even though GERUD is a more user friendly program than
PARENTAGE, it does have some weaknesses. It cannot take into account genotyping
errors, mutations, or missing data (Croshaw et al. 2009). To use this program, it must be
either known or assumed that one parent is monogamous (Jones 2005).
In contrast to GERUD, PARENTAGE uses an infinite alleles model to take into
account mutations and mis-scored alleles. PARENTAGE is considered to be equivalent
to a maximum-likelihood version of GERUD, potentially making it more accurate when
markers are less informative (Jones et al. 2010). PARENTAGE is a better choice than
GERUD if loci with null alleles or individuals with missing data are not eliminated from
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the analysis (Croshaw et al. 2009). However, PARENTAGE tends to overestimate the
number of parents, while GERUD takes a conservative approach (Jones et al. 2010). Like
GERUD, it must be either known or assumed that one parent is monogamous to use this
program (Emery et al. 2001).
A sibship reconstruction is used when there is a group of offspring that contain
some full and half siblings, but the family groups do not need to be identified a priori. It
can reconstruct genotypes of parents if candidate parents are unknown. COLONY is a
program designed for sibship reconstruction. It uses a maximum likelihood approach to
determine sibship and parentage relationships. COLONY can accommodate the two
classes of error, making it capable of handling null alleles, allelic dropouts, mutations,
and other random tying errors. One of the assumptions of this program is that error rates
are independent across loci. COLONY requires the use of highly polymorphic markers,
since less informative markers can make incorrect parentage assignments (Jones et al.
2010).
COLONY simultaneously infers sibship and parentage relationships among
individuals using full-pedigree likelihood methods. COLONY uses multilocus genotype
data, can accommodate genotyping errors and missing genotypes, and can be used with
monogamous or polygamous mating systems. In contrast, pairwise methods infer sibship
and parentage for pairs of individuals, instead of across the entire pedigree. The pairwise
method is more conservative in estimating the number of parents, although it may
become too conservative with fewer loci (Wang and Santure 2009). Even though the fulllikelihood method requires more computational time, it is the preferred method because it
uses the genotyping data more efficiently (Jones and Wang 2010).
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While performing the analysis, COLONY groups individuals into clusters.
Individuals within a cluster are related, being either full or half siblings. Individuals that
are placed into different clusters are not related. Assumptions made by COLONY are that
the sampled population is in Hardy-Weinberg equilibrium and that the genetic markers
are in linkage equilibrium (Jones and Wang 2010).
Since even a small number of individuals can produce a large number of potential
pedigree configurations, COLONY implements a simulated annealing algorithm
(Kirkpatrick et al. 1983) to look for the best configuration. An initial configuration is
determined by putting all the offspring and candidate parents into one cluster, and the
likelihood of this cluster is calculated. This configuration is then slightly modified by
reassigning sibship, paternity, and maternity relationships, and the likelihood of this
configuration is calculated. The likelihoods of the initial and modified configurations are
compared, and the configuration with the highest likelihood is retained. This process
continues with many more configurations until the log likelihood does not differ
significantly from the best log likelihood obtained during the reconfigurations. Program
outputs include full and half sibships, parentage assignments, and inferred genotypes for
parents or offspring if they were unknown (Jones and Wang 2010).

METHODS
Before conducting a parentage analysis, the appropriate method must be chosen
based on the available data. Forty-nine hellbender offspring were genotyped for the
parentage analysis. These offspring came from a sample of over 800 eggs found under
one rock in the Alleghany River during the Fall of 2009. The eggs were hatched
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individually at the Buffalo Zoo, and were then raised in tanks of progressively fewer
individuals as they grew larger. It is assumed that the offspring are all related through
half and full sibships. There are no known candidate parents. Based on the assumptions
that all of the offspring are related and that there is one monogamous parent, the
appropriate parentage method is the parental reconstruction. The program GERUD was
used to conduct a parentage analysis because it is user friendly and determines the
minimum number of parents that contributed to the offspring genotypes.
Data used for the parentage analysis included five microsatellite loci and 28
offspring with full genotypes. Unger et al. (2010) found that these loci were in linkage
equilibrium. Since GERUD does not accommodate missing genotypes, the entire set of
offspring was not used. After inputting this data, the output for GERUD stated that there
was more than one mother, and it therefore could not conduct the parentage analysis. The
only other option that could be used based on the data was a sibship reconstruction.
When conducting the sibship reconstruction with COLONY, four microsatellite
loci were used. The fifth microsatellite locus that was used in GERUD was excluded
from COLONY since it was determined at this time that it was not properly amplifying
the expected alleles. Since COLONY can handle offspring with missing genotypes at
some loci, all 49 offspring were used (see Table 1 for genotype inputs into COLONY).
Both the pairwise method and full-likelihood method of sibship reconstruction were used,
and the results generated through the full-likelihood and pairwise methods were
compared. An assumed error rate of 0.01 was used for both types of error (allelic
dropouts and stochastic errors) across all loci (Jones et al. 2007).
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Table 1: Genotypes for 49 hellbender offspring at four microsatellite loci used in the
sibship reconstruction program COLONY. The numbers 26, 171, 205, and 232
correspond to the four loci Call26, Call171, Call205, and Call232. The numbers in
parentheses after the locus numbers correspond to each allele. The number zero (0)
represents a missing genotype.

ID number

26(1)

26(2)

02832
03178
03222
03232
03422
03573
04020
04385
05023
05093
05190
05562
84513
84549
84554
84676
84777
84921
85045
85145
85400
85430
85611
85652
86010
86177
86230
86379
86500
86570
86618
86702
86761
86790
86868
86969
87013
87111
87142
87240
87274
87374
87592
88049
88158
88540
88721
88778
89041

205
209
205
209
209
205
213
213
209
209
209
213
205
209
213
213
225
209
209
213
209
205
209
209
213
205
213
209
205
209
209
209
205
205
205
209
209
205
209
209
213
213
209
209
205
205
205
209
213

229
233
213
213
225
229
225
229
229
225
233
225
229
213
225
229
225
213
233
225
217
213
225
233
225
209
225
225
217
209
229
233
229
213
233
225
225
209
233
213
225
225
233
213
213
205
209
213
233

171(1)
122
114
114
0
122
122
114
122
0
122
114
122
114
122
126
122
122
114
114
114
0
114
122
122
122
114
122
122
0
122
122
114
122
122
122
114
114
122
114
126
122
122
122
122
122
114
114
122
122

171(2)
122
130
126
0
130
122
130
130
0
130
122
130
126
130
130
122
142
126
122
122
0
130
122
130
122
126
122
130
0
122
126
130
126
130
122
122
122
126
130
130
130
122
122
130
126
130
130
130
122

205(1)

205(2)

232(1) 232(2)

191
199
199
199
0
191
199
191
191
195
199
191
195
207
203
191
191
199
199
195
0
199
199
203
199
191
195
203
199
191
191
199
191
199
199
199
199
191
195
195
199
195
199
199
0
199
199
199
195

207
203
215
215
0
207
203
195
195
199
199
215
199
215
207
195
207
199
207
199
0
207
207
207
203
203
199
207
207
199
199
203
207
199
207
199
199
207
199
195
203
199
199
215
0
207
199
199
199

206
202
202
202
202
206
202
202
202
202
218
198
198
202
210
206
190
198
218
210
190
198
214
210
202
198
202
202
190
218
198
210
198
198
218
218
214
206
210
202
202
202
198
198
198
202
198
198
210

218
218
218
218
214
218
218
206
218
214
218
218
206
218
214
210
206
218
218
218
198
218
218
214
214
206
218
218
218
218
206
218
206
202
218
218
218
218
218
206
218
218
218
202
198
218
218
202
218

________________________________________________________________________

37

There are several input parameters for COLONY in order to run the program. The
input parameters used (in order of appearance in the program) were mating system I =
female polygamy and male polygamy, mating system II = without inbreeding, species =
dioecious and diploid, length of run = medium, analysis method = full-likelihood or pairlikelihood score, likelihood precision = medium (full-likelihood method only), run
specifications = do not update allele frequency, sibship prior = no prior, number of loci =
4, marker type = dominant, allelic dropout rate = 0.01, genotyping error rate = 0.01, allele
frequency = unknown, number of offspring = 49, number of males = 0, number of
females = 0, known paternal sibs = 0, known maternal sibs = 0, excluded paternal sibs =
0, and excluded maternal sibs = 0. A total of 10 runs using different random seed
numbers were conducted for both methods to determine if the results would converge to
the same sibship reconstruction.
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RESULTS
Pairwise Method
The results from the pairwise method showed that nine out of ten runs resulted in
the configuration of a total of 17 parents, and one run resulted in the configuration of 16
parents. The trials with 17 parents had nine fathers and eight mothers, or vice versa. The
trial with 16 parents had nine fathers and seven mothers. Since there were no known
parents, COLONY was unable to distinguish which genotypes belong to the mothers and
which genotypes belong to the fathers. However, COLONY was consistent in assigning a
set of genotypes as belonging to one type of parent (i.e. the set of genotypes assigned to
the nine fathers in one trial were assigned to the nine mothers in another trial).
All ten runs for the pairwise method converged to one cluster, which shows that
all 49 offspring are related to each other through full and half-sibling relationships. The
probabilities for the clusters for the ten trials were extremely low, ranging from 0.0165 to
0.0445, with the average probability of 0.0265. The nine runs with 17 parents converged
to 23 fullsib families. For eight of these nine trials, the 23 fullsib families consisted of
seven fullsib families with three to six siblings, five families with two full siblings, and
the remaining eleven families with only one offspring. For the ninth trial, two offspring
were placed into different families than they had been in the other eight trials, and the
remaining families were the same. For eight of these nine trials, there were slight
variations in the probabilities of inclusion and exclusion. The probability of inclusion is
the probability that all individuals in a fullsib family are actually fullsibs. The probability
of exclusion is the probability that all individuals in a fullsib family are fullsibs, and no
other individuals can be included as fullsibs within this particular fullsib family
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(COLONY User guide Version 2.0). Overall, approximately 83% of the probabilities of
inclusion were at least 0.9, and approximately 75% of the probabilities of exclusion were
at least 0.9. For the ninth trial, approximately 65% of the probabilities of inclusion were
at least 0.9, and 48% of the probabilities of exclusion were at least 0.9.
During the sibship reconstruction, COLONY made inferences of genotypes for
offspring with missing genotypes. COLONY also used the assumed error rate of 0.01 to
make inferences of possible alternate genotypes for offspring. Since there were 49
offspring and four loci, there were a total of 196 genotypes among the offspring.
COLONY inferred genotypes for seven offspring that had missing genotypes. For these
seven offspring, four to five possible genotypes were inferred, all with probabilities lower
than 0.3. The program also inferred alternate genotypes for other offspring and loci,
which occurred most often with homozygotes. For the first trial, a total of 25 alternate
genotypes were made for homozygous offspring to account for the possibility of null
alleles, and alternate genotypes were made for six heterozygous offspring. Even though
alternate genotypes were offered, 100% of the homozygotes had a probability greater
than 0.9 that their observed homozygote genotype was correct, and a probability
approximately less than 0.06 that the inferred heterozygote genotype was correct. For the
observed heterozygous offspring that had alternate genotypes, approximately 17% had a
probability greater than 0.9 that their observed heterozygote genotype was correct. These
offspring had both homozygous and heterozygous genotypes offered as alternate
genotypes. The individuals and loci with alternate genotypes were approximately the
same among eight of the ten trials.
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For the ninth trial that converged to 17 parents, there were some differences in the
inferred genotypes of the offspring compared to those from the eight other trials that
converged to 17 parents. In this trial, 29% of the inferred genotypes of the offspring had
different probabilities of being the correct genotype than in the other eight trials, ranging
from 0.8% to 3.5% difference in probabilities. Also, 18% of the inferred genotypes of the
offspring had either different alternate genotypes, or alternate genotypes with different
probabilities of being the correct genotype than what were inferred in the other eight
trials.
For eight of the nine trials that converged to 17 parents, the resulting genotypes
for the mothers and fathers converged to the same results for both inferred genotypes and
probabilities of these genotypes. Approximately 18% of the parents had a probability
greater than 0.8 that the inferred genotypes were correct across all four loci, 24% of the
parents that they were correct for three loci, 12% of the parents that they were correct for
two loci, 18% of the parents that they were correct for one locus, and 29% of the parents
that they were not correct for any loci.
Within the nine runs that converged to 17 parents, one trial resulted in different
inferred genotypes for both sets of parents at all four loci. This is the same trial that had
several variations in the inferred genotypes for the offspring, as compared to the other
eight trials. Approximately 12% of the parents had a probability greater than 0.8 that the
inferred genotypes were correct across all four loci, 29% of the parents that they were
correct for three loci, 24% of the parents that they were correct for two loci, 6% of the
parents that they were correct for one locus, and 29% of the parents that they were not
correct for any loci.
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The trial that converged to 16 parents had different results from the nine trials that
converged to 17 parents. In this trial, the results converged to 22 fullsib families, which is
one less from the other nine trials. The probabilities of inclusion and exclusion for the
families with at least two siblings were generally low. The probabilities of inclusion
ranged from 0.0405 to 0.9914, with the average probability at 0.6339. The probabilities
of exclusion ranged from 0.0397 to 0.9899, with the average probability at 0.5250. The
probabilities of inclusion and exclusion for families with only one offspring were high,
with 100% of the probabilities of inclusion at least 0.9, and 80% of the probabilities of
exclusion at least 0.9.
For the trial that converged to 16 parents, there were some differences in the
inferred genotypes of the offspring compared to those inferred for eight of the nine trials
with 17 parents. There were an additional 11 offspring at locus 171 that had alternate
genotypes offered, all of which had heterozygous observed genotypes. Approximately
13% of the inferred genotypes of the offspring had different probabilities of being the
correct genotypes when compared to these eight other trials. In addition, 18% of the
inferred genotypes of the offspring had either different alternate genotypes, or alternate
genotypes with different probabilities of being the correct genotype.
This trial with 16 inferred parents resulted in different inferred genotypes for both
sets of parents. Six of these parents had the same inferred genotypes as those inferred in
eight of the trials with 17 parents. Among these six parents, three had the same
probabilities across all four loci as the other eight trials. The other three parents had
different probabilities at a varying number of loci when compared to the other eight trials.
The remaining ten parents had some similarities to the inferred parent genotypes in the
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other eight trials, but had different genotypes at some loci. Approximately 19% of the
parents had a probability greater than 0.8 that the inferred genotypes were correct across
all four loci, 31% of the parents that they were correct for three loci, 19% of the parents
that they were correct for two loci, 6% of the parents that they were correct for one locus,
and 25% of the parents that they were not correct for any loci.

Full-likelihood Method
The results from the full-likelihood method showed that five out of ten runs
resulted in the configuration of a total of 17 parents, and the remaining five runs resulted
in the configuration of 18 parents. The trials with 17 parents resulted in nine fathers and
eight mothers, or vice versa. The trials with 18 parents resulted in ten fathers and eight
mothers, or vice versa. Like the pairwise method, COLONY cannot distinguish which
genotypes belong to the mothers and fathers since there were no known parents, but it
was consistent in assigning a set of genotypes as belonging to one type of parent.
All ten runs for the full-likelihood method converged to one cluster, which shows
that all 49 offspring are related to each other through full and half-sibling relationships.
The probabilities for the clusters for the ten trials were extremely low, ranging from
0.0137 to 0.0545, with the average probability of 0.0256. Among the five runs that
converged to 17 parents, four runs structured the offspring into 28 fullsib families, while
one run structured the offspring into 29 fullsib families. Among the five runs that
converged to 18 parents, three runs structured the offspring into 30 fullsib families, while
two runs structured the offspring into 31 fullsib families.

43

Among the five runs that converged to 17 parents, there were 10 families that
consisted of at least two full siblings, with the remaining families contained only one
offspring. The four runs that converged to 28 fullsib families had identical family
structures, but varied slightly in probabilities offered for the likelihoods of the families.
The run that converged to 29 families had restructured many of the siblings differently,
which resulted in an extra family. For the four trials that converged to 28 fullsib families,
approximately 86% of the probabilities of inclusion were at least 0.9, and approximately
71% of the probabilities of exclusion were at least 0.9. For the trial that converged to 29
fullsib families, the probabilities were slightly higher, with 90% of the probabilities of
inclusion at least 0.9 and 76% of the probabilities of exclusion at least 0.9.
Among the five runs that converged to 18 parents, there were 11 to 12 families
that consisted of at least two full siblings, for the trials that converged to 31 and 30 fullsib
families, respectively. The remaining families consisted of only one offspring. The two
runs that converged to 31 families restructured many of the siblings differently than the
runs that converged to 30 families, which resulted in an extra family. For the three trials
that converged to 30 fullsib families, approximately 90% of the probabilities of inclusion
were at least 0.9, and approximately 73% of the probabilities of exclusion were at least
0.9. For the two trials that converged to 31 fullsib families, the probability of inclusion
was slightly higher (97%) and the probability of exclusion was the same.
Like the pairwise method, COLONY made inferences of genotypes for offspring
with missing genotypes during the sibship reconstruction, using an assumed error rate of
0.01. COLONY inferred genotypes for seven offspring that had missing genotypes. For
these seven offspring, two to five possible genotypes were inferred, all with probabilities
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lower than 0.55. Alternate genotypes were also inferred for various offspring and loci.
Each trial was slightly different, resulting in 18 to 27 alternate genotypes, all of which
were made for homozygous offspring to account for the possibility of null alleles. Even
though alternate genotypes were offered, 100% of the homozygotes had a probability
greater than 0.97 that the observed homozygote genotype was correct and a probability
approximately less than 0.02 that the inferred heterozygote genotype was correct. The
one exception was for one trial, the probability of the observed homozygote genotype
being correct was approximately 0.4, and one of the alternate heterozygote genotypes
inferred had a probability of 0.3 of being correct.
For three of the five trials that converged to 17 parents, the resulting genotypes
for the mothers and fathers converged to the same results for both inferred genotypes and
probabilities of these genotypes. Approximately 35% of the parents had a probability
greater than 0.8 that the inferred genotypes were correct across all four loci, 24% of the
parents that they were correct for three loci, 6% of the parents that they were correct for
two loci, 24% of the parents that they were correct for one locus, and 12% of the parents
that they were not correct for any loci. The fourth trial had similar results to these three
trials, with the exceptions that one parent had different genotypes at two loci, and eight
parents had different probabilities of correct genotypes for some loci, for a total of 14 loci
for these eight parents. When compared to the first three trials, the difference in
probabilities ranged from 3% to 70%. The majority of the differences in probabilities
were low, with 77% of the differences less than 0.2 when compared to the probabilities
from the first three trials. The fifth trial was very different from these four trials, with its
results best comparing to those obtained from the five trials that converged to 18 parents.
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For two of the five trials that converged to 18 parents, the resulting genotypes for
the mothers and fathers converged to the same results for both inferred genotypes and
probabilities of these genotypes. Approximately 39% of the parents had a probability
greater than 0.8 that the inferred genotypes were correct across all four loci, 17% of the
parents that they were correct for three loci, 0% of the parents that they were correct for
two loci, 39% of the parents that they were correct for one locus, and 6% of the parents
that they were not correct for any loci. The third trial had similar results to these two
trials, with the exception that three parents had different genotypes at one to two loci.
Otherwise, the inferred genotypes and probabilities for the other 15 parents were the
same as the first two trials. The fourth and fifth trials also had similar results to these
other three trials, but had some differences in the inferred parental genotypes and
probabilities. Both the fourth and fifth trials had inferred the same parental genotypes, but
33% of the parents had different probabilities of the genotypes across one to two loci.
The majority of the differences in the probabilities between these two trials were low,
with 67% of the differences less than 0.2 when compared to the other three trials.

Comparison of the Pairwise and Full-likelihood Methods
Both the pairwise and full-likelihood methods of sibship reconstruction had some
related results. For example, both methods converged to one cluster with similar
likelihood probabilities to explain this set of hellbender offspring. These two methods
also had some real differences, such as the number of parents that it converged to. For the
pairwise method, nine runs converged to 17 parents, and one run converged to 16 parents.
For the full-likelihood method, five runs converged to 17 parents and five runs converged
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to 18 parents. The pairwise method was more conservative in determining the number of
parents that contributed genetically to a set of offspring.
Both the pairwise and full-likelihood methods converged to one cluster, showing
that the offspring are all related to each other through full and half sibling relationships.
However, the probabilities of the cluster for both methods were extremely low. The trial
with the highest cluster probability used the full-likelihood method, but the pairwise
method on average had a slightly higher probability of likelihood (0.0265 for the pairwise
method as opposed to 0.0256 for the full-likelihood method). The pairwise method was
more conservative in structuring the offspring into fullsib families, converging to 22-23
fullsib families, as opposed to 28-31 fullsib families for the full-likelihood method. The
probabilities of inclusion and exclusion for the fullsib families were the highest for the
one trial that converged to 16 parents for the pairwise-method, with 100% of the
probabilities of inclusion greater than 0.9 and 80% of the probabilities of exclusion
greater than 0.9.
Both the pairwise and full-likelihood methods provided alternate inferred
genotypes for the offspring, with a range of 18-31 genotypes inferred, differing for
different trials. The pairwise method is more consistent in converging to the same results
for inferred parental genotypes, with eight trials converging to the same inferred parental
genotypes and probabilities of these genotypes. The full-likelihood method was less
consistent in converging to the same results for inferred parental genotypes. For the five
trials that converged to 17 parents, three of these trials converged to the same results. For
the other five trials that converged to 18 parents, only two of these trials converged to the
same results. The full-likelihood method contained the set of trials that overall had the
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highest probabilities that the inferred parental genotypes were correct, which were the
three trials that converged to 17 parents with the same results. For these three trials, 35%
of the parents had a probability greater than 0.8 that the inferred genotypes were correct
across all four loci, and 24% of the parents were correct for three loci.

Parentage Analysis Results
The pairwise and full-likelihood methods converged to different results both
within and between methods. As a result, the most conservative analysis will be
discussed. The trial that converged to 16 parents for the pairwise method contained the
most conservative results.
In this sibship reconstruction, there were no known parents. Therefore, COLONY
had to reconstruct parental genotypes based on the genotypes of the offspring. This trial
converged to a total of 16 parents, with nine fathers and seven mothers. Table 2 shows
which parents were assigned to each offspring.
In this trial, the results converged to 22 fullsib families. The probabilities of
inclusion and exclusion for the families with at least two siblings were generally low.
There were a total of 12 fullsib families with at least two offspring, and the remaining 10
fullsib families consisted of only one offspring. The probabilities of inclusion and
exclusion for families with only one offspring were high, with 100% of the probabilities
of inclusion at least 0.9, and 80% of the probabilities of exclusion at least 0.9. Table 3
shows the probabilities of inclusion and exclusion, in addition to the members of each
fullsib family that had at least two offspring. All other offspring not included on this table
were placed into their own one-offspring families.
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Table 2: Best configuration of assignment of parents to offspring based on the trial with
the most conservative results.
Offspring ID
02832
03178
03222
03232
03422
03573
04020
04385
05023
05093
05190
05562
84513
84549
84554
84676
84777
84921
85045
85145
85400
85430
85611
85652
86010
86177
86230
86379
86500
86570
86618
86702
86761
86790
86868
86969
87013
87111
87142
87240
87274
87374
87592
88049
88158
88540
88721
88778
89041

Father ID
1
2
3
3
4
1
4
1
1
4
2
5
1
5
6
1
7
3
3
4
7
3
4
2
4
1
4
4
7
8
1
2
1
3
2
4
4
1
2
9
4
4
2
3
3
3
3
3
2

Mother ID
1
2
3
3
4
1
3
5
5
4
2
3
6
3
4
5
7
2
2
5
6
1
4
4
4
6
5
4
1
2
6
2
1
3
1
2
2
1
2
5
3
5
2
3
6
1
2
3
5
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Table 3: Best fullsib family reconstruction based on the trial with the most conservative
results. The probability of inclusion is indicated by Prob(Inc.) and the probability of
exclusion is indicated by Prob(Exc.). The numbers 1-6 represent family member numbers.
Family Prob(Inc.)

Prob(Exc.)

1

0.5026

0.4757

2

0.5166

3

1

2

3

4

5

_ 6_

02832

03573

86761

87111

0.5166

03178

05190

85045

86702

87142

87592

0.2828

0.2804

03222

03232

86790

88049

88778

4

0.3303

0.3303

03422

05093

85611

86010

86379

5

0.9873

0.3447

04020

87274

6

0.9873

0.9765

04385

05023

7

0.0405

0.0397

05562

84549

8

0.9914

0.4729

84513

86177

9

0.9899

0.9899

84921

88721

10

0.4124

0.4124

85145

86230

11

0.8790

0.8525

85430

88540

12

0.6975

0.6860

86969

87013

84676

86618

87374

________________________________________________________________________
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In addition to fullsib families, COLONY reconstructed the offspring into halfsib
families. Figure 1 shows the fullsib and halfsib dyads reconstructed by COLONY. There
were a total of 55 fullsib dyads and 264 halfsib dyads reconstructed.
In this trial, the overall confidence that the inferred genotypes of the parents were
correct varied. Approximately 19% of the parents had a probability greater than 0.8 that
the inferred genotypes were correct across all four loci, 31% of the parents that they were
correct for three loci, 19% of the parents that they were correct for two loci, 6% of the
parents that they were correct for one locus, and 25% of the parents that they were not
correct for any loci. Among the inferred paternal genotypes, 78% were heterozygous and
22% were homozygous (Table 4). Among the inferred maternal genotypes, 71% were
heterozygous and 29% were homozygous (Table 5). Overall, the confidence level of the
probabilities for heterozygotes was higher than that for homozygotes. For the inferred
paternal genotypes, 54% of heterozygotes had a probability greater than 0.8 that the
inferred genotypes were correct, as opposed to 38% for homozygotes. For the inferred
maternal genotypes, 60% of heterozygotes had a probability greater than 0.8 that the
inferred genotypes were correct, as opposed to 50% for homozygotes.
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Figure 1: Best sibship assignment plot. The xx- and y-axis
axis label ID numbers for every
other offspring. Symbols plotted in between nu
numbers
mbers correspond to offspring IDs that fall
between these numbers. See Table 1 for the complete list of offspring ID numbers.
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Table 4: Inferred father genotypes. Probabilities of the inferred genotype for each locus
are indicated in parentheses.
Father

Call26

Call171

Call205

Call232_____

1

209/229(0.990)

122/126(1.000)

191/191(0.525)

206/218(0.773)

2

233/233(0.883)

122/130(1.000)

199/203(0.995)

210/218(0.999)

3

205/213(0.999)

114/122(0.801)

199/199(0.997)

198/202(0.881)

4

225/225(0.998)

122/130(0.999)

199/203(1.000)

214/218(0.805)

5

213/225(0.973)

122/130(0.981)

191/207(0.951)

198/218(0.793)

6

209/225(0.274)

122/126(0.467)

199/203(0.416)

210/218(0.364)

7

217/225(0.897)

122/122(0.264)

199/207(0.480)

190/218(0.328)

8

209/209(0.272)

122/122(0.474)

191/199(0.418)

218/218(0.364)

9

209/213(0.213)

122/126(0.459)

195/199(0.416)

206/218(0.363)

________________________________________________________________________

Table 5: Inferred mother genotypes. Probabilities of the inferred genotype for each locus
are indicated in parentheses.
Mother

Call26

Call171

Call205

Call232_____

1

205/213(0.824)

122/130(0.649)

207/207(0.938)

198/218(0.614)

2

209/209(0.555)

122/130(0.808)

199/199(0.966)

218/218(0.899)

3

209/213(1.000)

122/130(0.648)

199/215(1.000)

202/218(0.882)

4

209/213(0.994)

122/122(0.615)

199/207(0.615)

202/214(0.857)

5

209/213(0.681)

122/130(0.907)

195/195(0.933)

202/210(1.000)

6

205/209(0.984)

114/122(1.000)

199/203(0.919)

198/198(0.746)

7

209/225(0.273)

122/122(0.266)

191/199(0.221)

206/218(0.356)

________________________________________________________________________

53

Parentage Analysis Results on a Sample Family
To better understand how COLONY works with a small data set, a sample data
set was constructed and then run on COLONY and the results were examined. A family
consisting of two heterozygous parents with a total of four different alleles was used to
best represent the genetic variability of the Buffalo Zoo hellbenders, since their
genotypes reflect a high amount of genetic diversity. In this sample family, the
genotypes of the two parents were 202/210 and 206/214. There were a total of 12
offspring, consisting of the four possible genotypes from the two parents: 202/206,
202/214, 206/210, and 210/214. There were three offspring with each genotype, all
related as full siblings. The parents were monogamous, there was no typing error, and the
analysis was conducted using the full-likelihood method. COLONY grouped the 12
offspring into four different clusters, with individuals within a cluster being related and
individuals between clusters being unrelated. Individuals with the same genotypes were
grouped into the same cluster. The probability of each cluster was 0.4643. There were a
total of eight inferred parents for this set of offspring, with four inferred mothers and four
inferred fathers. For both the fathers and mothers, there were five possible genotypes
inferred for each parent: 210/214, 202/214, 202/210, 202/206, or 206/214. The
probability of each inferred genotype was 0.143.
The same sample family was also analyzed with COLONY using polygamous
parents instead of monogamous parents. Even though the sample family had
monogamous parents, polygamous parents were used to see what results would be
produced by COLONY to better understand how it reconstructs families. With two
polygamous parents, COLONY arranged all 12 offspring into one cluster, showing that
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they were all related to each other. The probability of this cluster was 0.0145. There were
a total of four inferred parents for this set of offspring, with two inferred mothers and two
inferred fathers, all of which were homozygotes. The inferred genotypes of the mothers
were 206/206 and 214/214, while the inferred genotypes of the fathers were 202/202 and
210/210. The probability of the inferred genotypes for each parent was 0.934.
This sample family was then run on COLONY using all of the same parameters,
with the exception of running it with the pairwise method rather than the full-likelihood
method. The results when assuming monogamous parents were identical to those for the
full-likelihood method, except the cluster probabilities were approximately 0.7 rather
than 0.4643. The results when assuming polygamous parents were different from those of
polygamous parents using the full-likelihood method, but identical to those of
monogamous parents using the full-likelihood method.

DISCUSSION
The results of the parentage analysis indicate that a total of 16 to 18 parents may
have contributed to the 49 hellbender offspring. This is an unexpectedly high number of
parents for 49 offspring collected in the manner they were collected (from under a single
rock). Hellbender reproductive biology also indicates that 16 to 18 parents is an
unexpectedly high number. Approximately 200 eggs are found in one female hellbender
ovary, and the female may deposit eggs from both ovaries at a time. Since the 49
hellbender offspring were a sample from over 800 eggs, it appears there should be at least
two females that contributed to these offspring if eggs were deposited from both ovaries,
and potentially up to four females if eggs were only deposited from one ovary (Smith
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1907; Bishop 1941). However, there is some indication that more than one male may be
involved in fertilizing eggs, so more than one male is not unexpected. The genotyping
results indicate that there must be at least four parents that contributed to this set of
offspring, since the largest number of alleles present at one locus was seven. Despite our
expectations that there should be multiple parents, we still did not expect as many as the
analysis suggests.
COLONY indicated that two sets of offspring had identical multilocus genotypes:
individuals 02832 and 03573 were the same, in addition to individuals 86230 and 87374.
It is possible that these sets of offspring do actually contain identical genotypes across
four loci. However, the identical multilocus genotypes may indicate that that there were
two hellbenders that were sampled twice, rather than these being four separate sampled
hellbenders. If this is the case, there could have been up to two repeated genotypes
included, which may potentially have led to errors in the parentage analysis.
The results from both the full-likelihood and pairwise methods of parentage
analysis all converged to one cluster with very low probabilities (below 0.1). This
suggests that COLONY is confident that all of the hellbenders are related as either full or
half-siblings by converging to one cluster, with the low probabilities perhaps indicating
that COLONY is not confident with the overall parentage analysis results. However, the
very low likelihood probabilities from the various trials for this one cluster may instead
indicate that COLONY is not confident that there is only one cluster, which then shows
that there may also be unrelated hellbenders present in this set of offspring.
There are several studies that have used COLONY for parental and sibship
reconstructions. In one study, Wang (2004) used a data set on the mating frequency of an
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ant species Leptothorax acervorum for a sibship reconstruction using COLONY. Wang’s
goal was to use this ant data set in COLONY to see if it would correctly reconstruct the
ant colonies. There were 377 ant workers sampled from ten known colonies. They were
genotyped at up to six microsatellite loci, which contained 3 to 22 observed alleles. Since
there was an unknown typing error rate, various assumed error rates were used, ranging
from approximately 0.001 to 0.40. Using this wide range of typing errors, COLONY
always converged to a correct reconstruction of the ant colonies. Wang (2004) found that
ignoring error rates resulted in an incorrect reconstruction of the ant colonies, showing a
split in the colonies. This shows that even if the error rate is unknown, an assumed error
rate should be used in a parentage analysis to avoid incorrect reconstructions. An
assumed error rate of 0.01 was used in the hellbender parentage analysis, which should
have led to a more accurate reconstruction than if an assumed error rate was not used.
Based on the results of the positive and negative controls used when genotyping the
hellbenders for the parentage analysis, it is expected that there was some amount of
genotyping error present. The assumed error rate of 0.01 used for this study may not be
accurate, which could have led to additional errors made in the parentage analysis.
However, a program such as MICRO-CHECKER could not be used to calculate the error
rate for the hellbender population since this program assumes the population is in HardyWeinberg equilibrium. This set of hellbenders could not be tested for Hardy-Weinberg
equilibrium since they are all related to each other, and therefore, not a true population
that also consists of unrelated individuals.
In the ant study by Wang (2004), the probabilities for each cluster ranged from
0.8965 to 0.9999, while for the hellbender parentage analysis, the probability clusters
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were all below 0.1. The probabilities for the inferred father genotypes ranged from 0.340
to 1.000, with 83% of the genotypes having a probability greater than 0.99. The
probabilities for the inferred mother genotypes ranged from 0.213 to 1.000, with 78% of
the genotypes having a probability greater than 0.99. These probabilities of the inferred
parental genotypes are much higher than those from the hellbender parentage analysis.
The range of probabilities also shows that COLONY can converge to an accurate family
reconstruction, even though some inferred parental genotypes may have low
probabilities. The results from the ant study indicate that COLONY was confident with
the results it converged to for this set of data, while the results from the hellbender
parentage analysis indicate that COLONY may not be confident with the results it
converged to.
In another study, Wright et al. (2012) conducted a paternity analysis in a
population of green turtles. Thirteen microsatellite loci were used to genotype 88 adult
turtles, with 78 mothers and 2042 offspring included in the final parentage analysis. This
study used many more loci and offspring than were used in the hellbender parentage
analysis and it had potential mother genotypes. There were three replicate runs of long
length, using a different random seed number for each run. A similar procedure was also
used in the hellbender parentage analysis. An assumed error rate of 0.004 for allelic
dropout and 0.008 for genotyping error were used in the analysis, which is a lower
assumed error rate than what was used in the hellbender parentage analysis. The results
from the green turtle paternity analysis showed that the three runs had a high degree of
convergence. Conclusions were made only based on consistencies in all three runs, and
inferred fathers were based on the most conservative estimates. In the hellbender
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parentage analysis, there were not enough consistent results in the multiple runs, and
inferred parentage was based on the most conservative estimates.
Other studies using COLONY for parental and sibship reconstructions did not
obtain expected results, such as overestimating an expected reasonable number of
biological parents for a certain set of offspring, and offer reasons for why COLONY may
have converged to these unexpected results. In one study, Tentelier et al. (2008)
conducted a parentage analysis on an aphid parasitoid population. The parasitoids were
genotyped at eight microsatellite loci, with two to seven alleles at each locus. In the
hellbender parentage analysis, four loci were used, which had five to seven observed
alleles. The population of Lysiphlebus testaceipes parasitoids could not be tested for
Hardy-Weinberg equilibrium, since the sampled individuals were all siblings, as was the
case for the hellbender parentage analysis. A low amount of genetic variability was found
in this parasitoid population of 818 analyzed individuals. The authors wanted to
determine if the low variability of the genetic markers caused the parentage analysis to be
biased in inferences made on the distribution and reproduction of the parasitoid
population. A parentage analysis was performed on a simulated panmitic population
using COLONY, with an assumed error rate of 0.05. The results of this showed that
errors made in the parentage analysis led to the splitting of families and grouping of
unrelated individuals. The authors concluded that the low variability in the genetic
markers led to the errors made in the parentage analysis. Because of this, the results from
COLONY most likely do not reflect the true genetic reconstruction of these individuals.
The results from this study allow for the assumption that there may be errors in the
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hellbender parentage analysis from a possible low genetic variability of genetic markers
used.
In another study, Jones et al. (2007) conducted a simulation study on parentage
analysis using a data set on the mottled sculpin, Cottus bairdi. The data set consisted of
22 sampled nests with 48 eggs for each nest, in addition to 700 putative parents (with
~350 observed parents). Genotypes at five microsatellite loci were used in the analysis,
with an error rate of 0.01. Based on known parentage for this sculpin data set, it was
observed that COLONY had overestimated the number of mothers for each nest, which
then led to an underestimation of the percentage of observed parents. Examining the
inferred parents and families showed that COLONY oftentimes infers multiple parents
when the data could be explained by only one parent. Increasing the number of offspring
genotyped improved estimations, which can compensate for a low number of genotyped
parents. It seems that COLONY often concludes that multiple parents for large sibships
are more likely than a single parent. It is possible that in the hellbender parentage
analysis, there was a splitting of parents when the data could be explained by fewer
parents. Since there are no potential hellbender parents, the number of genotyped
offspring used in the parentage analysis may need to be increased to improve the parental
reconstruction, as was done in this mottled sculpin study.
Since it appears that COLONY was overestimating the number of hellbender
parents, a sample family was made with a small data set and run on COLONY to better
understand how COLONY infers parental genotypes. COLONY did not converge to a
total of two parents for this sample family, even though there were only two parents.
These results indicate that COLONY overestimates parents with small data sets, rather
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than converging to the two parents that can explain the offspring genotypes. The study
conducted by Jones et al. (2007) also came to the conclusion that COLONY tends to
overestimate parents with certain data sets, such as cases where the true parents are
unknown or when there are few genotyped parents.
The studies conducted by Tentelier et al. (2008), Jones et al. (2007), and the
sample family constructed for the hellbender parentage analysis show a splitting of
families, thereby leading to an overestimation of parents. Wang and Suture (2009) state
that during reconstruction, large families tend to be split and small families tend to merge
together when there is not enough marker information. Individuals that are not related to
each other may be grouped together as siblings if they have similar or identical
genotypes, which may occur if markers are not informative. Siblings in a large family
may have similar genotypes; however, these genotypes may have enough differences to
split a group of siblings into smaller families. For example, all of the offspring of a single
full sibling family could be homozygous for two different alleles at one locus. This data
could be explained by two heterozygous parents. However, in terms of likelihood, there is
a higher probability that there are two different families that are homozygous for different
alleles. This seems to be the assumption that COLONY makes when reconstructing
families, which leads to a splitting of families and an overestimation of parents when
there are either too few microsatellite loci or a low amount of polymorphism present at
these loci.
Low probabilities for all estimates of clusters and inferred parental genotypes, in
addition to inconsistent results for multiple runs, suggest that COLONY is not confident
with the reconstruction for the hellbender parentage analysis. In the COLONY user guide
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(Version 2.0), Wang states that if different runs converge to different results, this may be
from insufficient marker information, weak genetic structure, large sample size, or a
combination of these. In this case, using multiple runs may lead to results that are slightly
more reliable. In cases where there is insufficient marker information, there needs to be
an increase in the number of markers used and an increase in the marker polymorphism.
However, if marker information is sufficient, adding more markers would act as a
computational burden and increase the computational time.
Wang (2012) states that when a sample consists of few families and the sizes of
these families is highly variable, allele frequencies that are calculated will be biased,
under the assumption that the individuals are not related. This results in an overestimation
of allele frequencies in large families, and an underestimation of allele frequencies in
small families. This leads to a decreased likelihood of large families and an increased
likelihood of small families. Therefore, large families will often be split into smaller
families. In these cases, Wang suggests that the allele frequencies need to be updated
during the run of COLONY, despite the fact that this will increase computational time.
For the hellbender parentage analysis, there was one run on COLONY in which the allele
frequencies were updated (separate from the ten runs each for the pairwise and fulllikelihood methods), using the full-likelihood method. This resulted in the same number
of inferred parents as some of the runs, but the parents and offspring were distributed
differently. In this case, updating allele frequencies did not appear to help the parentage
analysis for the hellbender offspring.
A problem with clustering arises when conducting a sibship reconstruction with
unknown parental genotypes. Offspring are clustered into groups based on shared
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parentage; however, a pair of offspring from the same group may not share any common
alleles over the microsatellite loci used in the reconstruction (Emery et al. 2001). Both the
number of loci and allelic diversity strongly influence the accuracy of the reconstruction,
with the number of loci having the greatest influence (Bernatchez and Duchesne 2000).
Emery et al. (2001) found that as few as three loci could be sufficient for an accurate
reconstruction, as long as the markers contain at least 10 alleles. However, many more
markers are needed for a reconstruction if they are less polymorphic. The markers used in
the hellbender parentage analysis may not have enough polymorphism.
Neff et al. (2000) developed a model that uses formulas to determine how many
loci and offspring should be used in a parentage analysis when there are polygamous
parents and the candidate parents have not been fully sampled. The individual conducting
the parentage analysis would determine the desired level of statistical confidence for their
study, and use this formula to determine if it would be more efficient to use more loci or
more offspring to achieve this desired level of confidence. The authors concluded that
when there is low reproductive success (below 25%) for the putative parent, and at least
30 offspring are used in the study, then there should be more loci used for the parentage
analysis. However, if the reproductive success is generally higher (above 80%), then
either additional offspring or loci could be used. This model developed by Neff et al.
(2000) should be useful in studies when determining if it is more efficient to use more
loci or more offspring to improve the results of a parentage analysis.
The parentage analysis conducted on the 49 hellbender offspring shows that the
results are likely not reliable, and that more data is needed to obtain a reasonable
reconstruction. There should first be the use of additional microsatellite markers to
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genotype these 49 offspring (Bernatchez and Duchesne 2000). It is possible that these
offspring contain a high amount of genetic diversity, making it so they do not share
enough of the same alleles over the four loci used in the analysis, leading to splitting of
families and more parents. If using more loci does not lead to a reconstruction with fewer
parents, as is expected for these offspring, then more offspring need to be genotyped at
these markers, which also could improve the reconstruction (Jones et al. 2007). If this
still does not lead to fewer parents, it may indicate that there is weak genetic structure
present among these hellbenders, or that the population is not in Hardy-Weinberg
equilibrium. Obtaining more data in the form of genotypes at more loci and/or more
offspring should lead to more reasonable results, making a parentage analysis a useful
tool in studying hellbenders.
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CHAPTER IV: Conservation genetics activity for high school biology classes
INTRODUCTION
Teachers face many challenges in today’s high school science classrooms. Many
students are disengaged, find science to be difficult, or fail to see science as having any
relevance in their lives (Logan and Skamp 2008). Because of this, it is of paramount
importance that teachers develop lessons to engage students and that help them to realize
the importance of science and its impacts on society. Based on my research with Eastern
hellbender salamanders (Cryptobranchus alleganiensis alleganiensis) and conservation
genetics, I have developed a lesson plan and activity to be used in high school biology
classes. Current applications commonly used with the genetics unit include crime scene
investigation and paternity testing. Creating a lesson plan and activity based on
conservation genetics for the Eastern hellbender salamander will serve as a new
application to be used with the high school genetics unit. The lesson and activity are
designed to engage students, provide students a real-life application of genetics, expose
students to a species they most likely do not know even exists, and increase an awareness
of how genetics research plays an important role in the conservation of population
ecology.

METHODS
After the completion of DNA genotyping for the Buffalo Zoo hellbenders, a
lesson plan and activity entitled “The Use of Genetics in Conserving the Eastern
Hellbender Salamander” were developed to facilitate high school student understanding
of a real-life application of genetics as it is used in an ecology curriculum. The lesson and
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activity are aligned to the New York State Living Environment Standards that are
traditionally included with the genetics unit for high school biology classes. The activity
incorporates background information on the Eastern hellbender salamander
(Cryptobranchus alleganiensis alleganiensis), Polymerase Chain Reaction (PCR), gel
electrophoresis, and DNA genotyping. Actual data collected on the Buffalo Zoo
hellbenders was used in this activity. The activity has four main sections: modeling PCR,
modeling gel electrophoresis, analysis of genotyping data, and concluding questions on
the activity. For the section on modeling PCR, the sequence for a hellbender
microsatellite region was used, which is a tandem repeat sequence of DNA. In addition,
sequences of primers, which are DNA sequences used to amplify the microsatellite
during PCR, were used. Data collected from the hellbenders through gel electrophoresis
was used for the section on modeling gel electrophoresis. For the analysis of genotyping
data section, allele and genotyping information for 25 hellbender samples from the
Buffalo Zoo were used. A PowerPoint presentation was developed to go along with the
activity as an introduction for students. The purpose of this PowerPoint is to engage
students and provide them with information on both hellbenders and genetics to aid them
in completing the hellbender conservation genetics activity. The content on the
PowerPoint is also made available to students through a handout so they can reference it
if necessary.
The activity “The Use of Genetics in Conserving the Eastern Hellbender
Salamander” was conducted in four high school regents biology classes in a small size
private school in Western New York in May 2012. A total of 55 students completed the
activity. Two of the classes were classified as “A-level” classes, and the other two were
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classified as “B-level” classes. Students are placed into A-level and B- level classes based
on their elementary school grades, performance on the high school entrance exam, and on
their reading and math levels. It is assumed that a freshmen entering into B-level math
and science classes reads below grade level. Many times they also have other learning
disabilities.
The PowerPoint presentation and activity were anticipated to take two to three
class periods to complete, therefore making this a multiple day lesson plan. The
PowerPoint presentation took approximately 30 minutes in all of the biology classes,
which is equivalent to about one class period. One of the A-level biology classes had a
double period that day, so I was able to conduct the activity on the same day as the
PowerPoint. Students worked in groups of four on the activity, and both myself and the
classroom teacher helped students with the activity while they were working on it. One of
the B-level biology classes also had a double period that day. The first period, I presented
the PowerPoint and explained the activity. During their second period, the students were
left with their classroom teacher to work on the activity, with students working in groups
of two. The other two biology classes had one period that day, during which they were
presented with the PowerPoint. The activity was left with them for their classroom
teacher to work with them the next day. Table 1 shows the breakdown of the lesson and
activity over three 40-minute class periods. The full lesson plan can be found in
Appendix E.
In order to assess the effectiveness of the activity, students were given a survey to
fill out to provide feedback on the activity. Feedback from the survey resulted in lesson
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Table 1: Breakdown of the hellbender lesson and activity over three 40-minute class
periods.
________________________________________________________________________
Period
Lesson Plan_____________________
Amount of Time
1
Engagement activity: Hellbender fact vs. myth
10-15 minutes

2

PowerPoint presentation: hellbenders and conservation,
microsatellites, PCR, and gel electrophoresis

25-30 minutes

PowerPoint presentation: genetic variability with
genotype and allele frequencies

15-20 minutes

Hellbender activity: modeling PCR

20 minutes

3

Hellbender activity: modeling gel electrophoresis,
40 minutes
analysis of genotyping data, concluding
questions
________________________________________________________________________

plan adjustments to improve the lesson and activity (Figure 1). Students were given a
Likert scale, which consisted of three questions. Students were asked to rate the questions
as either strongly agree, agree, neutral, disagree, or strongly disagree. Students rated the
activity instruction, the level of interest of the activity, and the learning experience.
Students gave an overall rating on the activity, with the choices of excellent, good, fair,
or poor. Students had two free response questions, with the first question on what they
liked the most about the activity and why, and the second question on what
improvements they think could be made to the activity.
In addition to observations made when conducting the activity and student
feedback in the surveys, I graded the activity to assess student understanding. The
activity was graded out of 100 points for the A-level classes. Since the B-level classes
were unable to understand primers, which became apparent during the PowerPoint
presentation, the two questions on primers in the activity were eliminated. The activity
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for the B-level classes was graded out of 90 points, and then the final score converted
into a percentage, as if it was graded out of 100 points.

________________________________________________________________________
Survey: The Use of Genetics in Conserving the Eastern Hellbender Salamander

For the following statements, rate using this scale:
1= strongly agree

2= agree

3=neutral

4=disagree

5=strongly disagree

1. I felt like I could follow the instructions in this activity.

__________

2. I found this activity to be interesting.

__________

3. I learned a lot in this activity.

__________

Overall rating of this activity (circle your answer):
excellent

good

fair

poor

Provide short answers to the following questions:
1. What did you like the most about this activity and why?

2. Is there anything that could be improved with this activity (is there anything you
found difficult to follow, or any changes you think should be made to this
activity)?

________________________________________________________________________
Figure 1: Student survey on the hellbender conservation genetics activity.
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RESULTS
A total of 55 students between the four regents biology classes completed the
hellbender conservation genetics activity and survey. The total scores ranged from 30%
to 100% (Figure 2). A total of 27% of students received a grade at the mastery level (85%
and above). There was a distinct difference in the distribution of scores between A-level
and B-level students. Fifty percent of A-level students received a grade at the mastery
level, while only seven percent of B-level students received this grade. The failure rate
(below 60%) for A-level students was 19% and was 41% for B-level students (Figure 3).

Figure 2: Total student scores on the hellbender conservation genetics activity. N=55.
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Figure 3: A comparison of A-level (N=26) and B-level (N=29) student scores on the
hellbender conservation genetics activity.

In addition to the distinct differences in the distribution of scores between A-level
and B-level students, there was a distinct difference in scores between the two different
B-level classes. The distribution of scores for the period-5 B-level class ranged from 50%
to 100%. The distribution of scores for the period-9 B-level class ranged from 38% to
76%. Over half of the period-5 B-level class (63%) received grades that ranged from 60%
to 78%, with 19% of students receiving grades ranging from 81% to 100%. The majority
of students (85%) in the period-9 B-level class received grades that ranged from 40% to
62% (Figure 4).
There were a wide range of results from the student survey, with distinct
differences between the A-level and B-level classes. Overall, students liked learning
about hellbender salamanders, since they never knew this species existed. Most students
found that the activity instructions were somewhat easy to follow. Students had a wide
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Figure 4: A comparison of B-level student scores from period 5 (N=15) to B-level student
scores from period 9 (N=14) on the hellbender conservation genetics activity.

range of answers on their interest level and learning experience from the activity. The
first question asked students if they felt they could follow the instructions in the activity.
The majority of students (71%) rated this question as either agree or neutral (Figure 5).
There was a distinct difference between A-level and B-level student responses to this
question. About 40% of A-level students responded neutral, and about 40% of B-level
students responded disagree. In addition, the percentage of students that responded
strongly agree was 10% for A-level students and 0% for B-level students (Figure 6). This
shows that A-level students overall were able to follow the instructions more easily,
while B-level students had more difficulty in following the instructions.

72

Figure 5: Student responses to survey questions. Figure 1 shows the student survey
questions.

Figure 6: A comparison of A-level and B-level student responses to survey question #1.
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The second question on the survey asked students how interesting they found this
activity to be. The majority of students (80%) rated this question as either agree, neutral,
or disagree (Figure 5). The percentage of students responding to each rating was similar
for both A-level and B-level students. There was a difference between which category
had the highest rating for A-level and B-level students, with 32% of A-level students
rating this question as disagree, and 38% of B-level students rating this question as
neutral (Figure 7).

Figure 7: A comparison of A-level and B-level student responses to survey question #2.

The third question on the survey asked students if they felt that they learned a lot
in this activity. The majority of students (78%) rated this question as either strongly
agree, agree, or neutral (Figure 5). There was a distinct difference between A-level and
B-level student responses to this question. The majority of A-level student responses
were 23% strongly agree and 50% neutral. The majority of B-level student responses
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were 33% agree, 30% neutral, and 17% disagree. In addition, the percentage of students
that responded strongly disagree was 0% for A-level students and 13% for B-level
students (Figure 8).

Figure 8: A comparison of A-level and B-level student responses to survey question #3.

On the survey, students had to rate the activity overall as either excellent, good,
fair, or poor. The majority of students (84%) rated the activity as either good or fair.
Among A-level students, the responses were 13% excellent, 36% good, 52% fair, and 0%
poor. Among B-level students, the responses were 8% excellent, 50% good, 33% fair,
and 8% poor (Figure 9).
Students ended the survey by answering two free response questions. The first
question asked students what they liked the most about the activity and why. Out of a
total of 55 students who completed the survey, there were 49 responses to this question,
with some students stating more than one thing that they liked about the activity. Over
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Figure 9: A comparison of the total student responses, A-level student responses, and Blevel student responses to the overall rating of the hellbender conservation genetics
activity.

half of the responses (59%) were related to the PowerPoint lesson given before starting
the activity, with students stating that they liked learning about hellbenders in 41% of the
responses, and students stating that they liked the PowerPoint presentation in 18% of the
responses. There was a distinct difference in some of the responses given by A-level and
B-level students. The majority of responses from the A-level students (77%) stated that
they liked learning about hellbenders (27%), the graphing activities (27%), and the
PowerPoint presentation (23%). The majority of responses from the B-level students
(83%) stated that they liked learning about hellbenders (57%) and the PowerPoint
presentation (13%). The other 13% from the B-level student majority stated that they did
not like anything about the activity. There were distinct differences between the
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percentage of students with these responses between the A-level and B-level students
(Table 2).

Table 2: A comparison of student responses to the first short answer question on the
hellbender conservation genetics activity survey for the total number of students, A-level
students, and B-level students. Numbers correspond to percentage of students with that
response.
_______________________________________________________________________
Comment
Total (%)__A-level(%) _B-level(%)
PowerPoint presentation

18.4

23.1

13.0

Learning about hellbenders

40.8

26.9

56.5

Learning about microsatellites and primers

4.1

7.7

0.0

Learning about gel electrophoresis

2.0

0.0

4.3

Graphing activities

14.3

26.9

0.0

Calculations

4.1

7.7

0.0

Able to follow activity

6.1

3.8

8.7

Interesting

4.1

3.8

4.3

Did not like activity
6.1
0.0
13.0
________________________________________________________________________

The second short answer question on the survey asked students if there were any
improvements that should be made to the activity. Prompts for this question asked
students if there was anything they found difficult to follow or what changes they felt
should be made to the activity. Out of a total of 55 students who completed the survey,
there were 56 responses to this question. Some students did not respond to this question,
while others listed more than one thing that they liked about the activity. The majority of
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students (88%) stated that they thought the activity was confusing (25%), the activity was
too long (18%), the activity was boring (11%), or that the activity should be made more
interesting and fun (14%). The other 20% from this majority stated that they did not think
that any changes needed to be made to the activity. There were also distinct differences
between the percentage of students with these responses between the A-level and B-level
students (Table 3).

Table 3: A comparison of student responses to the second short answer question on the
hellbender conservation genetics activity survey for the total number of students, A-level
students, and B-level students. Numbers correspond to percentage of students with that
response.
_______________________________________________________________________
Comment
______Total (%)__A-level(%)___B-level (%)____
Confusing instructions or activities

25.0

33.3

13.0

Activity too long

17.9

24.2

8.7

Did not understand purpose/importance

5.4

3.0

8.7

Have more diagrams

1.8

0.0

4.3

Activity too difficult

3.6

0.0

8.7

Make more interesting/fun

14.3

15.2

13.0

Activity was boring

10.7

6.1

17.4

Slow down pace of lesson

1.8

0.0

4.3

No changes needed
19.6
18.2
21.7
________________________________________________________________________
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DISCUSSION
Testing out the lesson and activity in high school biology classes gave me an idea
of how long it would actually take to conduct. It also gave me an opportunity to help
some of the students work on the activity and to get an understanding of what students
were having difficulties understanding with the activity. The feedback received from
students helped in making changes and improvements to the lesson plan and activity
before it will be made available to teachers to use in their high school biology classes.
There were a wide range of scores that students received on the hellbender
conservation genetics activity, with distinct differences in scores between the A-level and
B-level classes. Total scores on the graded activities ranged from 30% to 100%. The
main reason that students received very low scores was because 20% of the students did
not complete the activity. If students turned in a complete activity, the main reasons for
low scores were from poor answers to the concluding questions at the end of the activity
(worth 25 points) or from incorrectly graphing data (two graphs worth 20 points). Most
students in both the A-level and B-level classes had difficulties answering the concluding
questions. Most of the students that graphed the data incorrectly were B-level students.
Students that received poor scores on the first four concluding questions resulted from
not using the introductory material (PowerPoint slide handout), which contained the
answers to these four questions. Most responses to these questions came from what
students may have remembered from the PowerPoint that was presented to them. Even
though students were instructed at the beginning of the activity to read the introductory
material to answer these questions, students either forgot these instructions by the time
they answered the questions, thought they remembered the answers to the questions from
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the PowerPoint presentation, or did not want to read the two pages of introductory
material but still attempted to answer the questions.
There were not only differences in scores between the A and B-level students for
the hellbender conservation activity, but also between the two B-level classes. The
period-9 B-level class received much lower scores mainly from being unable to identify
the microsatellite region (worth 3 points). Because they misidentified the microsatellite
region, they lost most of the points on the next question, in which they had to show how
this microsatellite sequence would be replicated during PCR (worth 5 points). Many
students in the second B-level class also incorrectly graphed the data for both graphs,
resulting in a loss of most of the points for this section (worth 20 points). Even though the
instructions stated which data to put onto the x-axis and y-axis for each graph, many
students still incorrectly graphed the data. For the graph on allele frequencies, many
students with incorrect graphs made a scale on the x-axis starting with zero and
increasing in various increments, never including the actual allele numbers on the x-axis.
Some students may have then graphed some of the allele frequency data, corresponding
to a correct percentage as graphed on the y-axis, but never corresponding to a correct
number on the x-axis. These graphs were also usually missing most of the data. This
seems to suggest that after making the scale on the x-axis, students realized the scale did
not make sense, and then chose some data at random to graph. Many students made these
same mistakes with the graph for genotype frequencies. However, some students made a
different mistake in which they made a scale only based on the first number for each
genotype (i.e. if the genotype was 205/209, they just wrote 205 on the scale instead of
205/209 as a category on the scale).
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The main reason to explain why there were such differences between the two Blevel classes may be how much help the students received from their teachers on the
activity. The period-5 B-level class only had a single period of biology on the day that I
presented the lesson, so their teacher helped the students complete the activity the next
day in class, with most students working in groups of four. Most of the students in this
class correctly identified the microsatellite region and correctly graphed the data. Since it
was apparent during the PowerPoint presentation that most students did not understand
everything, their teacher said that the activity would be completed in class the next day
with the help of the teacher. The period-9 B-level class did have a double period of
biology on the day that I presented the lesson. However, I did not stay to help them with
the activity during the second period so that I could present the PowerPoint lesson to
another biology class that was during that same time. I did have time to briefly go over
the activity with the students. The teacher had the students work in groups of two on this
activity during the second period and to complete the rest of the activity for homework.
The teacher may not have provided much help on the activity when the students were
working on it, which could explain the lower scores from this class. Also, students may
have had difficulties in completing the activity on their own for homework.
One of the concerns before conducting the activity was whether students would be
able to follow the instructions and activities. This was a concern since students may not
have a strong background on PCR and gel electrophoresis, and the concepts of
microsatellites and primers would be completely new to the students. The first question
on the survey asked students if they felt they could follow the activity. Overall, most
students were in the agree to neutral range, with the A-level students being at the higher
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range (some said strongly agree) and the B-level students being at the lower range (many
said disagree). In general, B-level students have a reading level that is below grade level,
which may explain why they found it difficult to follow. Another reason may be from the
length of the activity, as many B-level students may have a shorter attention span (pers.
comm. with the classroom teachers). B-level students may also have learning disabilities,
which could make this activity difficult to follow.
The second question on the survey asked students how interesting they found the
activity to be. Overall, most students were in the agree, neutral, or disagree range. The
highest category for A-level students was disagree, with the highest for B-level students
being neutral. There are several reasons for why students may not have found this activity
to be very interesting. Due to the time constraint, most of the time was spent on making
sure students understood the genetics concepts in the activity rather than spending a lot of
time trying to engage them with fun facts about hellbenders. The genetics concepts may
have also been made more engaging by showing practical applications of them, such as
their use in crime scenes and paternity testing, in addition to their use in conservation.
This question on the survey also overlaps with some of the student responses to the
question on how to improve the activity. Some students said that they did not understand
the purpose of the activity, that the importance of hellbenders should be explained more,
or even a student’s response that said hellbenders are not important. Modifications made
to the PowerPoint presentation should help to engage more students in the activity.
Many students stated in the survey that they felt they learned a lot in this activity.
In general, the surveys show that the A-level students learned a lot more in this activity
than the B-level students. The A-level students also had a better overall rating of this
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activity than the B-level students. These questions on the survey also overlap with some
of the student responses on the free response questions on the survey. A generalized
assumption that can be made is that students who were engaged and could follow the
activity did well on it, found it to be interesting, felt they learned a lot from it, and were
not impeded by a lack of graphing skills. In addition, students who were not engaged
could not follow the activity, felt that it was too long, did not do well on it, did not find it
to be interesting, and did not learn a lot from it. It is apparent from the student surveys
that these generalizations do not fit all students, as there were students who did well and
could follow it, but did not find it to be interesting. There were also students who did not
find it to be interesting but felt they learned a lot from it, along with several other
combinations of how students performed on the activity and how they felt about it.
From the experience of running this activity in high school biology classes, from
student performance on the activity, and from student responses on the survey, it was
apparent that modifications needed to be made to the lesson plan and activity, resulting in
the creation of two versions of the lesson plan and activity. One version was designed for
a regents level class, and one for an advanced class, such as an honors regents biology
class or an AP biology class. Table 4 shows the content differences between the final
versions of the presentations and activities.
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Table 4: Comparison chart for the regents and advanced versions of the PowerPoint
presentations and activities.
________________________________________________________________________
Section
Regents Version
Advanced Version_______________
PowerPoint
Presentation

activity to identify microsatellites

activity to identify microsatellites
and primers

Introduction

excludes primers

includes primers

Modeling PCR

amplification of DNA

amplification of DNA

DNA sequence does not have
spaces between every 10 base
pairs

DNA sequence has spaces between
every 10 base pairs

DNA sequence is shorter and
includes highlighted
microsatellite

DNA sequence is longer and
includes highlighted microsatellite
and primers

need to identify microsatellite
sequence

need to identify microsatellite and
primer sequences

Modeling gel
Electrophoresis

identify bands in gel as
homozygotes or heterozygotes

identify bands in gel as homozygotes
or heterozygotes

identify genotypes of hellbenders
from bands on gel

identify genotypes of hellbenders
from bands on gel

Analysis of
genotyping data

calculate and graph genotype
and allele frequencies

calculate and graph genotype
and allele frequencies

Concluding
Questions

excludes question on primers

includes question on primers

________________________________________________________________________

Many students had difficulties in understanding the directions in the modeling
PCR activity. Modifications were made to both the instructions and questions in this
section to make it more understandable. Also, a student notes worksheet was made,
which includes a similar activity that would be gone over with students during the
PowerPoint presentation, before starting the activity.
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Many of the students in the second B-level class had difficulties in identifying the
microsatellite region. Their confusion most likely came from seeing spaces in the DNA
sequence after every 10 base pairs, making them think that the repeat sequence was
AGATAGATAG repeated seven times instead of GATA repeated 18 times. The
modification made was taking out the spaces in the DNA sequence in the regents version
of the activity. The microsatellite sequence is still highlighted, but taking out the spaces
should help students to identify the correct repeat pattern in the microsatellite sequence.
In the section on modeling gel electrophoresis, there was some difficulty for
students in identifying the bands on the gel as either homozygotes or heterozygotes. This
may have resulted from not stating in the instructions which bands the students need to
identify on the gel picture. This became apparent when running the activity with the one
A-level biology class, so the rest of the classes were told before starting the activity
which bands they need to look at on the gel. A modification that was made was making a
box around the bands on the gel that the students need to look at, and indicating this in
the instructions. Another problem was that some of the bands were not clear enough to
make it obvious if there were one or two bands. The cleanest gel was chosen for this
activity, and there is no guarantee that running and photographing a new gel will be any
cleaner. A modification that was made was to number each lane on the gel, and stating in
the instructions that students need to identify each lane as either a homozygote or
heterozygote, and to state how many bands they see in each lane. In the answer key for
this activity, the bands that are not clearly either one or two bands will state that either the
answer of homozygote or heterozygote is correct, as long as the student correctly
identified the number of bands that correspond to it being a homozygote or heterozygote.
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Many students had difficulties in making the correct scales on the graphs, with
this mostly applying to the x-axis. Students did not understand that they had to take the
numbers listed for either alleles or genotypes and only use these numbers to make a scale
on the x-axis. A modification made for this was including another activity on the student
notes worksheet. For both allele and genotype frequencies, students will be given two
graphs, one which shows a low amount of genetic variability and another that shows a
high amount of genetic variability. Students will be told how these graphs will be
constructed in the hellbender conservation genetics activity. The scales on the x-axis and
y-axis on these graphs will be pointed out so that students will know to look back to these
to help them construct their own graphs. During the PowerPoint presentation, the teacher
will instruct students on how to make observations from the graphs and how to determine
whether there is a low or high amount of genetic variability present. This will also help
students in answering the concluding questions on the graphs in the hellbender
conservation activity.
The majority of students had difficulty in understanding the types of answers they
were expected to provide for the concluding questions. Most students did not read the
introductory section that provided the answers for the first four questions (first three
questions as seen in the final version for the regents level). A modification that was made
was to state in the instructions that students must read the introductory section to answer
the first four questions. The last set of three questions required students to make
observations and draw conclusions on the graphs, in addition to overall conclusions from
the activity and why it is important to conserve hellbenders. It was apparent that most
students did not understand how to make observations from a graph and how to draw
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conclusions from this. A modification that was made was to provide students some hints
in these questions as to what they should be thinking about in constructing their answer.
It was also apparent that students did not understand what would be considered to be a
low or high amount of genetic variability. Since students will have had practice in
making observations and drawing conclusions on graphs from the activity in the student
notes worksheet, students should know that they must look back at these notes to help
them in answering these last questions in the activity.
Many students stated in the survey that they felt the activity was too long. This
may be a reason for why students were not engaged or did not do well on the activity. A
modification made was removing some of the text from the activity and presenting it only
in the PowerPoint. However, the first two pages of introductory material were kept, since
they do provide information that students need to answer the concluding questions. Many
students most likely do not like to see two pages of text they need to read. Part of the
reason for this may be because students have difficulty with reading comprehension. One
of the skills tested on the New York State Living Environment Regents exam is the
ability for students to read a passage and to answer questions based on that passage.
Because of this important skill, the two pages of introductory text were not modified in
this activity.
In order to better engage students, there was an engagement activity added to the
PowerPoint presentation. Students would first be shown three statements about
hellbenders, and they have to vote whether they think each statement is fact or myth.
Next, students would be shown a short video on hellbenders. After the video, students
would have to vote again for each statement on hellbenders, stating whether they think it
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is fact or myth. The answers to each statement would then be given and explained to
students. The teacher would then go through various fun facts on hellbenders. It was
apparent from the student surveys that many students enjoyed learning about hellbenders,
since they did not know this species existed. Adding more to the lesson on hellbenders
should better help to engage students, and to help students realize why it is important to
conserve hellbenders.
After presenting the PowerPoint, students were given the entire PowerPoint
presentation with the hellbender conservation genetics activity. The PowerPoint
presentation was provided to the students if they wanted to go back to it to help them
with the activity. While I was helping students with the hellbender activity during the
double period biology class, I could see that most students did not go back to look at the
PowerPoint presentation to help them with the activity. This may be because of the long
length of the PowerPoint presentation, and because a lot of the information was repetitive
between the PowerPoint and the activity. A modification that was made was to make a
short student notes worksheet, which contains only the important information that
students would need to look back at to help them with the activity. This student notes
worksheet should be helpful to students when completing the activity, and will be much
easier to look up needed information, instead of trying to find the needed information in
the long PowerPoint presentation. This should also help to increase grades students
receive on this activity, in addition to increasing their overall understanding of the
activity.
After presenting the PowerPoint presentation to the first B-level class, it was
apparent that students were having difficulties following the PowerPoint or were losing
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interest. Their classroom teacher suggested a modification to this lesson, which was
incorporated into the written lesson plan (Appendix E). Instead of presenting the entire
PowerPoint presentation and then having students complete the entire activity, the
presentation can be presented in parts and the activity completed in parts. After
explaining PCR and microsatellites in the PowerPoint, students would then complete the
first part of the hellbender conservation genetics activity on modeling PCR. Next, the
section on gel electrophoresis would be presented from the PowerPoint, and then students
would complete the second part in the activity on modeling gel electrophoresis. Finally,
the remainder of the PowerPoint would be presented, and then students would complete
the last two parts of the activity. Teachers should choose which version of the lesson plan
they feel would best fit the needs of their class.
Before teachers use this lesson plan and activity in their biology classes, they
must examine both versions developed – the regents and the advanced versions – and
determine which version will be best to use in their classes. The regents version is
designed for average regents classes. The advanced version is designed for Advanced
Placement classes, honors classes, and regents classes with many average to above
average students. The final versions of all of the educational material can be found in the
appendices: lesson plan (Appendix E), regents PowerPoint presentation (Appendix F),
regents student notes worksheet with answers (Appendix G), regents hellbender
conservation genetics activity with answers (Appendix H), advanced PowerPoint
presentation (Appendix I), advanced student notes worksheet with answers (Appendix J),
and advanced hellbender conservation genetics activity with answers (Appendix K).
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This conservation genetics activity should be an excellent activity for high school
teachers to use with their biology classes. Teachers may wish to use this activity at the
end of the genetics unit, or may want to use it towards the end of the school year to
review concepts in genetics, ecology, evolution, and environmental science before
students take the New York State Living Environment Regents Exam. Both classroom
teachers that I worked with to present this activity felt that this was an excellent review of
several key concepts for students that were taught throughout the school year. They also
stated that they felt this was a well-developed activity that could be used in a high school
biology class. One of the teachers suggested developing an alternate method to present
the activity, which is discussed in the lesson plan (Appendix E). This teacher felt that
breaking the PowerPoint presentation and activity into sections would better serve the
needs of the B-level classes. Also having two versions of the lesson plan and activity
should help teachers choose the best version to fit the needs of their students. This
conservation genetics activity will be made available to teachers throughout the area to
use in their high school biology classes as a new application to the genetics unit. It is also
currently available online on a website I designed to provide high school biology teachers
with resources to prepare students for the New York State Living Environment Regents
Exam (https://sites.google.com/site/sachudyknysbiology/hellbender-salamanderconservation-genetics).

90

Literature Cited

Alford, R.A. and S.J. Richards. 1999. Global amphibian declines: a problem in applied
ecology. Annual Review of Ecology and Systematics 30: 133-165.
Armbruster, P., P. Fernando, and R. Lande. 1999. Time frames for population viability
analysis of species with long generations: an example with Asian elephants.
Animal Conservation 2: 69-73.
Avise, J.C. 2004. Molecular markers, natural history, and evolution. Sinauer, Sutherland,
Mass.
Beebee, T.J.C. 2005. Short Review: Conservation genetics of amphibians. Heredity 95:
423- 427.
Beebee, T.J.C. and G. Rowe. 2001. Application of genetic bottleneck testing to the
investigation of amphibian declines: a case study with natterjack toads.
Conservation Biology 15: 266-270.
Bernatchez, L. and P. Duchesne. 2000. Individual-based genotype analysts in studies of
parentage and population assignment: how many loci, how many alleles?
Canadian Journal of Fisheries and Aquatic Sciences 57: 1-16.
Bishop, S.C. 1941. Salamanders of New York. New York State Museum Bulletin 324:
1-365.
Blacket, M.J., C. Robin, R.T. Good, S.F. Lee, and A.D. Miller. 2012. Universal primers
for fluorescent labeling of PCR fragments – an efficient and cost-effective
approach to genotyping by fluorescence. Molecular Ecology 12: 456-463.
Bothner, R.C. and J.A. Gottlieb. 1991. A study of the New York State populations of the
hellbender, Cryptobranchus alleganiensis alleganiensis. Proceedings of the
Rochester Academy of Science 17: 41-54.
Chapin, F.S. III, B.H. Walker, R.J. Hobbs, D.U. Hooper, J.H. Lawton, et al. 1997. Biotic
control over functioning of ecosystems. Science 277: 500-504.
COLONY user guide. Version 2.0. May 2008.
Croshaw, D.A., M.B. Peters, and T.C. Glenn. 2009. Comparing the performance of
analytical techniques for genetic parentage of half-sib progeny arrays. Genetics
Research Cambridge Journal 91: 313-325.
Davic, R.D. and H.H. Welsh Jr. 2004. On the ecological roles of salamanders. Annual
Review of Ecology, Evolution, and Systematics 35: 405-434.

91

Danielewicz, P. 2010. Happy Birthday Hellbenders! Zoolog. Zoological Society of
Buffalo, Inc.
Dow, B.D. and M.V. Ashley. 1996. Microsatellite analysis of seed dispersal and
parentage of saplings in bur oak, Quercus macrocarpa. Molecular Ecology 5:
615-627.
Dundee, H.A. and D. S. Dundee. 1965. Observations on the systematics and ecology of
Cryptobranchus from the Ozark Plateaus of Missouri and Arkansas. Copeia 3:
369-370.
Edenhamn, P. 1996. Spatial dynamics of the European tree frog (Hyla arborea L.) in a
heterogeneous landscape. Ph.D. dissertation. Uppsala University, Uppsala,
Sweden.
Emery, A.M., I.J. Wilson, S. Craig, P.R. Boyle, and L.R. Noble. 2001. Assignment of
paternity groups without access to parental genotypes: multiple mating and
development plasticity in squid. Molecular Ecology 10: 1265-1278.
Foster, R.L., A. M. McMillan, and K.J. Roblee. 2009. Population status of hellbender
salamanders (Cryptobranchus alleganiensis alleganiensis) in the Alleghany river
drainage of New York State. Journal of Herpetology 43(4): 579-588.
Gagneux, P., C. Boesch, and D.S. Woodruff. 1997. Microsatellite errors associated with
noninvasive genotyping based on nuclear DNA amplified from shed hairs.
Molecular Ecology 6: 861-868.
Gill, D.E., K.A. Berven, and D.W. Mock. 1983. The environmental component of
evolutionary biology. Pages 1-36 in C.R. King and P.S. Dawson, editors.
Population Biology: Retrospect and Prospect. Columbia University Press, New
York.
Gopurenko, D., R.N. Williams, C.R. McCormick, and J.A. DeWoody. 2006. Insights into
the mating habits of the tiger salamander (Ambystoma tigrinum tigrinum) as
revealed by genetic parentage analysis. Molecular Ecology 15: 1917-1928.
Gottlieb, J.A.1991. A population study of the hellbender salamander, Cryptobranchus
alleganiensis, in the Alleghany river drainage of New York State. Unpubl.
Master’s thesis, St. Bonaventure University, Olean, NY.
Goldstein, D.B. and C. Schlotterer. 1999. Microsatellites: evolution and applications.
Oxford: Oxford University Press.
Green, N.B. and T.K. Pauley. 1987. Amphibians and reptiles in West Virginia. University
of Pittsburgh Press. Pittsburgh, PA.

92

Guimond, R.W. 1970. Aerial and aquatic respiration in four species of paedomorphic
salamanders: Amphiuma means means, Cryptobranchus alleganiensis
alleganiensis, Necturus maculosus maculosus, and Siren lacertina. PhD
Dissertation. University of Rhode Island.
Haasl, R.J. and B.A. Payseur. 2010. Multi-locus inference of population structure: a
comparison between single nucleotide polymorphisms and microsatellites.
Heredity 2010: 1-14.
Haig, S.M. 1998. Molecular contributions to conservation. Ecology 79: 413-425.
Hansson B. and L. Westerberg. 2002. On the correlation between heterozygosity and
fitness in natural populations. Molecular Ecology 11: 2467-2474.
Hecnar, S.J. and R.T. M’Closkey. 1996. Regional dynamics and the status of amphibians.
Ecology 77: 2091-2097.
Humphries, W. J. and T. K. Pauley. 2000. Seasonal changes in nocturnal activity of the
hellbender, Cryptobranchus alleganiensis, in West Virginia. Journal of
Herpetology 34(4): 604-607.
IUCN 2011. IUCN Red List of Threatened Species. Version 2011.1.
<www.iucnredlist.org> (19 June 2011).
Jehle, R. and J.W. Arntzen. 2002. Review: microsatellite markers in amphibian
conservation genetics. Herpetological Journal 12: 1-9.
Johnson, T.J. & Briggler, J. 2004. The Hellbender – A unique and ancient species of
aquatic salamander in great need of help to survive in our Ozark streams.
Conservation Commission of the State of Missouri: 1-8.
Johnson, J. R., K. M. Faries, J. J. Rabenold, R. S. Crowhurst, J. T. Briggler, J.B.
Koppelman, and L. S. Eggert. 2009. Polymorphic microsatellite loci for studies of
the Ozark hellbender (Cryptobranchus alleganiensis bishopi). Conservation
Genetics 10(6): 1795-1797.
Jones, A.G. 2005. GERUD 2.0: a computer program for the reconstruction of parental
genotypes from half-sib progeny arrays with known or unknown parents.
Molecular Ecology Notes 5: 708-711.
Jones, A.G., C.M. Small, K.A. Paczolt, and N.L. Ratterman. 2010. A practical guide to
methods of parentage analysis. Molecular Ecology Resources 10: 6-30.
Jones, A.G. and W.R. Arden. 2003. Methods of parentage analysis in natural populations.
Molecular Ecology 12: 2511-2523.

93

Jones, B., G.D. Grossman, D.C.I. Walsh, B.A. Porter, J.C. Avise, and A.C. Fiumera.
2007. Estimating differential reproductive success from nests of related
individuals, with application to a study of the mottled sculpin, Cottus bairdi.
Genetics 176: 2427-2439.
Jones, O.W. and J. Wang. 2010. COLONY: a program for parentage and sibship
inference from multilocus genotype data. Molecular Ecology Resources 10: 551555.
Kirkpatrick, S., C.D. Gellatt, and M.P. Vecchi. 1983. Optimization by simulated
annealing. Science 220: 671-680.
Lande, R. 1988. Genetics and demography in biological conservation. Science 241: 14551460.
Logan, M. and K. Skamp. 2008. Engaging students in science across the primary
secondary interface: listening to the students’ voice. Research in Science
Education 38: 501-527.
Marsh, D.M. and P.C. Trenham. 2001. Metapopulation dynamics and amphibian
conservation. Conservation Biology 15: 40-49.
McCullough, D.R. 1996. Metapopulations and wildlife conservation. Island Press
Washington, D.C.
Merkle, D.A., S.I. Guttman, and M.A. Nickerson. 1977. Genetic uniformity throughout
the range of the hellbender, Cryptobranchus alleganiensis. Copeia 1977 (3): 549553.
Morescalchi, A. 1975. Chromosome evolution in the caudate Amphibia. Evolutionary
Biology 8: 339-387.
Neff, B.D., J. Repka, and M.R. Gross. 2000. Statistical confidence in parentage analysis
with incomplete sampling: how many loci and offspring are needed? Molecular
Ecology 9: 529-539.
Neff, B.D. and M.R. Gross. 2001. Microsatellite evolution in vertebrates: inference from
AC dinucleotide repeats. Evolution 55: 1717-1733.
Nickerson, M.A. and C.E. Mays. 1973. The hellbenders: North American giant
salamanders. Milwaukee Public Museum Publication in Biology and Geology 1,
106pp.
NYSDEC. 2011. Eastern hellbender fact sheet. <http://www.dec.ny.gov/
animals/7160.html> (19 June 2011).

94

Oosterhout, C.V, W.F. Hutchinson, D.P.M. Wills, and P. Shipley. 2004. MICROCHECKER: software for identifying and correcting genotyping errors in
microsatellite data. Molecular Ecology Notes 4: 535-538.
Paine, R.T. 1969. A note on trophic complexity and community stability. American
Naturalist 103: 91-93.
Pemberton, J.M. 2009. Wild pedigrees: the way forward. Proceedings of the Royal
Society of London B 275: 613-621.
Petranka, J.W. 1998. Salamanders of the United States and Canada. Smithsonian
Institution.
Pfingston, R.A. and F.L. Downs, eds. 1989. Salamanders of Ohio. Ohio Biological
Survey New Series Vol. 7 No. 2.
Planes, S., G.P. Jones, and S.R. Thorrold. 2009. Larval dispersal connects fish
populations in a network of marine protected areas. Proceedings of the National
Academy of Sciences USA 106: 5693-5697.
Pope, S.E., L. Fahrig, and H.G. Merriam. 2000. Landscape complementation and
metapopulation effects in leopard frog populations. Ecology 81: 2498-2508.
Purrenhage, J.L., P.H. Niewiarowski, and F.B.-G. Moore. 2009. Population structure of
spotted salamanders (Ambystoma maculatum) in a fragmented landscape.
Molecular Ecology 18: 235-249.
Reed, D.H. and R. Frankham. 2003. Correlation between fitness and genetic diversity.
Conservation Biology 17: 230-237.
Routman, E. 1993. Mitochondrial DNA variation in Cryptobranchus alleganiensis, a
salamander with extremely low allozyme diversity. Copeia 1993(2): 407-416.
Schuelke, M. 2000. An economic method for the fluorescent labeling of PCR fragments.
Nature Biotechnology 18: 233-234.
Schlosser, I.J. 1987. A conceptual framework for fish communities in small warmwater
streams, p. 17-24. In: Community and Evolutionary Ecology of North American
Stream Fishes. W.J. Mathews and D.C. Heins (eds). University of Oklahoma
Press. Norman, Oklahoma.
Schwartz, M.K. 2005. Guidelines on the use of molecular genetics in reintroduction
efforts. EU LIFE-Nature Projects to guidelines for the reintroduction of
threatened species 51-58.

95

Shaffer, H.B. and F. Breden. 1989. The relationship between allozyme variation and life
history: non-transforming salamanders are less variable. Copeia 1989 (4): 10161023.
Shaw, P.W., G.J. Pierce, and P.R. Boyle. 1999. Subtle population structuring within a
highly vagile marine invertebrate, the veined squid Loligo forbesi, demonstrated
with microsatellite DNA markers. Molecular Ecology 8: 407-417.
Shinde, D., Y.L. Lai, F.Z. Sun, and N. Arnheim. 2003. Taq DNA polymerase slippage
mutation rates measured by PCR and quasi-likelihood analysis: (CA/GT)(n) and
(A/T)(n) microsatellites. Nucleic Acid Research 31: 974-980.
Sjogren, P. 1991. Extinction and isolation gradients in metapopulations: the case of the
pool frog (Rana lessonae). Biological Journal of the Linnean Society 42: 135-148.
Sjogren-Gulve, P. and C. Ray. 1996. Using logistic regression to model metapopulation
dynamics: large-scale forestry extirpates the pool frog. Pages 111-137 in D.R.
McCullough, editor. Metapopulations and Wildlife Conservation. Island Press,
Washington, D.C.
Skelly, D.K. and E. Meir. 1997. Rule-based models for evaluating mechanisms of
distributional change. Conservation Biology 11(2): 531-538.
Smith, B.G. 1907. The life history and habits of Cryptobranchus alleganiensis.
Biological Bulletin 13: 5-39.
Snell, C., J. Tetteh, and I. H. Evans. 2005. Phylogeography of the pool frog (Rana
Lessonae Camerano) in Europe: evidence for native status in Great Britain and for
an unusual postglacial colonisation route. Biological Journal of the Linnean
Society 85: 41-51.
Spencer, C.C., J.E. Neigel, and P.L. Leberg. 2000. Experimental evaluation of the
usefulness of microsatellite DNA for detecting demographic bottlenecks.
Molecular Ecology 9: 1517-1528.
Sprules, W.G. 1974. The adaptive significance of paedogenesis in North American
species of Ambystoma (Amphibia: Caudata): an hypothesis. Canadian Journal of
Zoology 52: 393-400.
Storfer, A. 2003. Amphibian declines: future directions. Diversity and Distributions 9:
151-163.
Swanson, P.L. 1948. Notes on the amphibians and reptiles of Venango County,
Pennsylvania. The American Midland Naturalist 40: 362-371.

96

Taber, C.A., R.F. Wilkinson, and M.S. Topping. 1975. Age and growth of hellbenders in
the Niangua River, Missouri. Copeia 1975 (4): 633-639.
Tentelier, C., T. Guillemaud, S. Ferry, and X. Fauvergue. 2008. Microsatellite-based
parentagevanalysis reveals non-ideal free distribution in a parasitoid population.
Molecular Ecology 17: 2300-2309.
Thompson, E. A. 1975. The estimation of pairwise relationship. Annals of Human
Genetics 39: 173-188.
Unger, S.D., J.A. Fike, T. Sutton, O.E. Rhodes, and R.N. Williams. 2010. Isolation and
development of 12 polymorphic tetranucleotide microsatellite markers for the
eastern hellbender (Cryptobranchus alleganiensis alleganiensis). Conservation
Genetics Resource 2: 89-91.
US Fish & Wildlife Service. 2011. Endangered species: Ozark hellbender.
< http://www.fws.gov/ midwest/endangered/amphibians/ozhe/index.html>
(11 January 2013).
Valenzuela, N. 2000. Multiple paternity in side-neck turtles Podocnemis expansa:
evidence from microsatellite DNA data. Molecular Ecology 9: 99-105.
Vali, U., A. Einarsson, L. Waits, and H. Ellegren. 2008. To what extent do microsatellite
markers reflect genome-wide genetic diversity in natural populations? Molecular
Ecology 17: 3808-3817.
Vial, J.L. and L. Saylor. 1993. The status of amphibian populations: a compilation and
analysis. ICN/SSC Declining Amphibian Populations Taskforce. Work. Doc. No.
1.
Wandelier, R., S. Smith, P.A. Morin, R.A. Pettifor, and S.M. Funk. 2003. Patterns of
nuclear DNA degeneration over time – a case study in historic teeth samples.
Molecular Ecology 12: 1087-1093.
Wang, J. 2004. Sibship reconstruction from genetic data with typing errors. Genetics 166:
1963-1979.
Wang, J. and A.W. Santure. 2009. Parentage and sibship from multilocus genotype data
under polygamy. Genetics 181: 1579-1594.
Wattier, R., C.R. Engel, P. Saumitou-Laprade, and M. Valero. 1998. Short allele
dominance as a source of heterozygote deficiency at microsatellite loci:
experimental evidence at the dinucleotide locus Gv1 CT in Gracilaria gracilis
(Rhodophyta). Molecular Ecology 7: 1569-1573.

97

Wheeler, B.A., E. Prosen, A. Mathis, and R.F. Wilkinson. 2003. Population declines of a
long-lived salamander: a 20+-year study of hellbenders, Cryptobranchus
alleganiensis. Biological Conservation 109: 151-156.
Wilbur, H.M. and J.P. Collins. 1973. Ecological aspects of amphibian metamorphosis.
Science 182: 1305-1314.
Wright, L.I., W.J. Fuller, B.J. Godley, A. McGowan, T. Tregenza, and A.C. Broderick.
2012. Reconstruction of paternal genotypes over multiple breeding seasons
reveals male green turtles do not breed annually. Molecular Ecology 21: 36253635.
Zeisset, I. and T.J.C. Beebee. 2001. Determination of biogeographical range: an
application of molecular phylogeography to the European pool frog Rana
lessonae. Proceedings of the Royal Society of London B 268: 933-938.

98

APPENDIX A: Gauze and Filter Paper Extraction Procedure

99

APPENDIX A

Gauze and Filter Paper Extraction Procedure

1. Add 20 µL Proteinase K into 1.5 mL microcentrifuge tube.
2. Add gauze sample, about 20 mm diameter. More or less depending on blood
concentration.
3. Add 180 µL ATL buffer, vortex for 10 sec.
4. Put into 56oC water bath (90 oscillations) for 1.5 to 3 hours. Vortex
microcentrifuge tubes after removal from water bath.
5. Add 200 µL AL buffer, vortex 10 sec.
6. Add 200 µL of 100% ethanol and vortex for 10 sec.
7. Pipette liquid into DNEasy mini spin column making sure to suck out as much
liquid from the gauze as possible! (really suck it dry)
8. Centrifuge at 8000 rpm for 1 minute, then discard collection tube.
9. Add 500 µL AW1 buffer.
10. Centrifuge at 8000 rpm for 1 minute, then discard collection tube.
11. Add 500 µL AW2 buffer.
12. Centrifuge at 14,000 rpm for 3 minutes.
13. Discard bottom collection tube and place the filter paper part into a clean 1.5 mL
microcentrifuge tube.
14. Add 100 µL AE buffer, allow to sit 5 minutes.
15. Centrifuge at 8000 rpm for 1 minute. KEEP THE LIQUID!!
16. Add 50 µL AE buffer and allow to sit 5 minutes.
17. Centrifuge at 8000 rpm for 1 minute.
18. Discard filter part and store microcentrifuge tube in 4oC cooler.
Filter paper cannot withstand as long in 55oC water bath as gauze can because it
disintegrates. Gauze can go for 3 hours where the max for filter paper is about 1.5 hours
or it will clog the pipette tip when sucking out the liquid.
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APPENDIX B

DNA Quantitation with VersaFluor Fluorometer

GENERAL NOTES ON USING FLUOROMETER
1. Turn on fluorometer at least 20 minutes prior to use.
2. (Check for the 360 nm excitation filter and the 460 nm emission filter).
3. Only handle curettes by upper edges so not to mark the optical surfaces.
4. Remove any air bubbles in the cuvette by gently knocking cuvette with finger or
use a gel tip to clear bubble.
5. If necessary, clean the cuvette sides with Kim wipes.
6. Read all standards and samples at room temperature.
7. After zeroing the instrument, the zero can be rechecked and re-zeroed if
necessary.
8. If reading fluctuates too much, try turning off back lights and radio.

QUANTITATING STEPS
1. Determine how many samples need to be quantitated. Add 7 (or a couple more in
case you need to remix a sample) to that number and type it in F5 box in the
DNAQUANT TEMPLATE (Excel) (C:\Genetic work\protocols).
2. Type in sample names (A26, etc). Print spreadsheet.
3. 0.1 µg/ml Hoechst 33258 dye: D7-9 calculates the amounts to mix. Mix and store
in drawer when not using.
4. Label near the top of cuvettes 1-7 for Standard Curve (A15-A21).
5. Label near the top of additional cuvettes for samples (A26, etc).
6. Use the 5-mL pipette to add 2 mL of the 0.1 µg/ml dye solution to each cuvette.
7. Standard curve (cuvettes 1-7):
a. Add DNA stock solution (mix with pipette tip) as indicated in table to
achieve total DNA concentration listed.

102

Cuvette

Total DNA

DNA stock

DNA volume

solution
1

1000 ng

100 µg/ml

10 µl

2

500 ng

100 µg/ml

5 µl

3

200 ng

100 µg/ml

2 µl

4

100 ng

10 µg/ml

10 µl

5

50 ng

10 µg/ml

5 µl

6

20 ng

10 µg/ml

2 µl

7

Blank

----

----

Ex. Cuvette 1 – add 10 µl of 100 µg/ml stock DNA
Cuvette 4 – add 10 µl of 10 µg/ml stock DNA

b. Press SETUP and check that the gain is set to MED.
c. Press RANGE and set it to 00000.
d. Zero the instrument with cuvette 7 (blank) – place cuvette in holder, shut
lid, wait until the detector stabilizes and then press ZERO.
e. Set top range of instrument by inserting the highest concentration cuvette,
1. Wait 5-10 seconds for the detector to stabilize. Press RANGE and set to
1,000. Record RFU from display in box F15 (should be close to 1,000).
f. Place cuvettes 2-6 into instrument in turn, wait for instrument to stabilize,
and record the RFU in boxes F16-21, respectively.
8. Return to the computer and transfer the RFU readings for the Standard Curve
(F15-21). Look at the graph, the r2 (correlation coefficient) should be as close to
1.0 as possible to assure accuracy of unknowns. If the correlation coefficient is
below ~0.998, re-stir and take readings over of Standard Curve cuvettes that seem
to skew the curve. When satisfied with results you are ready to read the
unknowns.
9. Reading unknown samples. To the 2mL of 0.1 µg/ml dye in each cuvette ready
for samples: Add 2µl of sample DNA to cuvette and mix well (pipette up and
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down frequently or stir thoroughly). If the RFU reads very low, add an additional
2µl. Repeat up to 10µl. Record the total amount of DNA added for each sample
(E26, etc). Record
the RFU (B26, etc) for each sample.
10. Determining the DNA concentration for samples. Return to the computer and
transfer the RFU readings (B26, etc) and total amount of DNA added (E26, etc)
for each sample. The Excel spread sheet will calculate the approximate DNA
concentration (F26, etc) and any dilution scheme for concentrations above
10ng/µl (G26 sample: H26 TLE buffer).
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APPENDIX C

OWL Giraffe System Acrylamide Protocol: Rubber Gasket Protocol

SAFETY CONCERNS
1. Electric Shock Warning – During electrophoresis, a current sufficient to produce a
dangerous electric shock is being conducted through the TBE buffer. DO NOT
open the gel rig without first stopping the PowerPak and disconnecting it from the
rig. DO NOT plug in or unplug the gel rig without stopping the PowerPak. When
setting up the rig, make sure there is not enough room to fit your fingers into the
buffer chamber.
2. Acrylamide, when unpolymerized, is a potent, accumulating neurotoxin that is
absorbed through the skin. When mixing and pouring acrylamide and
removing gaskets wear gloves, lab coat, and safety glasses!

PLATE PREPARATION
1. Plates are used in matched sets – one full plate and one notched plate to a set.
Before each use the plates should be cleaned with soap (using gloves to scrub)
and rinsed with water and the final rinse should be with distilled water. Then dry
with a kimwipe. If the plates are clean except a few small spots, you can either
wash with soap and water or try using 70% ETOH to clean the plates and then dry
with kimwipes. Put the cleanest side of the glass plates towards the inside.
2. Place gasket on bench top and push the notched plates into the farther side of the
gasket. Make sure this notched plate is completely in (pressed all the way down),
and then place the other plate into gasket as well and press down. If they are
pressed in well, the tops of the plates should be level.
3. Place 2 spacers, along the vertical edges of the plates, leaving the sides of the
gasket loose. Try to get them as close to the sides of the plates as possible, but
leave room for the gasket to fold back up. Once the sides are folded back up and
are pushed in as best as possible, secure the sides of the plates together with black
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binder clips (2 on each side and 2 on the bottom). The lip of the binder clip should
be level with the top edge of the
gasket. The two clips on the bottom should be folded so the metal armlike handles
are flat against the glass (allowing it to sit flat).
4. Tilt the plates against the plexiglass piece, against the cabinet, to steady and try to
make the top of the plate parallel with the benchtop.
5. Add together in a beaker in the following order (NOTE: use gloves, lab coat, and
eye protection):
One Gel

Two gels

31 ml

62 ml

5 ml

10 ml

10% APS (ammonium persulfate - freezer box)

300 µl

600µl

TEMED – (yellow cabinet)

120 µl

240 µl

1X TBE
40% Bis acrylamide solution (blue cooler)

This makes an ~5.5% acrylamide gel solution.
If APS is old, more than a few months, add 400 µl instead of 300 µl, which will
help to make it polymerize faster since the older the APS is, the longer it takes to
polymerize.
6. Mix by swirling. Leave the plates in a vertical configuration and gently pour the
acrylamide, from the beaker into the plate sandwich. If bubbles form, tap the plate
sharply with finger until they rise. Fill to within 1 cm of top. Insert comb into the
top of the plate sandwich until the comb tines are about 1-2 cm into the
acrylamide solution. Be sure the comb is level and did not cause bubbles to form.
If it did, remove gently and reinsert until there are no bubbles. However, there is
not much time to play because the gel is already starting to polymerize. When you
start seeing strings from the comb, put the comb in place and leave it alone,
bubbles and all. The solution should fill the entire area between the plates and be
slightly overfilled to ensure complete polymerization, so after the comb is in, fill
in the area around the comb with extra acrylamide.
7. Polymerization should be complete in ~15 minutes, however, allow more than 30
minutes. The gel can be poured the day before the run and stored at room
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temperature for a maximum of 48 hours, if wrapped in plastic wrap with some 1X
TBE buffer to keep it moist.
8. When polymerization is complete, remove the clamps along top, side, and bottom
of the
plates. If the clamp sticks to the gasket, just pull the gasket off and remove the
clip from it later. Remove the gasket from around the plates being careful not to
disturb the side spacers, comb, or the acrylamide inside the plates. Wipe away any
polymerized acrylamide from the top and sides of the notched plates by running it
under water, to ensure good contact with the electrophoresis apparatus. Use a
spatula to carefully remove the excess acrylamide from the top of the notched
plate, which will help the comb to come out cleaner.

PRE-ELECTROPHORESIS
1. The gels are run on vertical gel systems (OWL Giraffe systems). Check that the
upper and lower reservoirs are attached to the gel rig and gently tighten thumb
screws to secure both reservoirs.
2. Rest the bottom edge of the gel sandwich on the footing of the lower reservoir,
notched plate inward. Clamp the plates to the gel rig with black clamps.
3. Check that the upper reservoir drain is plugged by sliding the clamp over the tube.
Fill the upper reservoir with 1X TBE buffer (be sure the notch where the comb is
inserted in covered with buffer). Check that the upper chamber is not leaking into
the lower chamber. If it is leaking, wipe the gasket and resecure with clamps. Fill
the lower chamber with 1X TBE buffer (just a couple of cm over the bottom of
the glass plates is fine – look for the fill line).
4. Gently remove comb with a careful sideways motion, be sure not to disturb the
acrylamide as you remove the comb!!
5. Place safety covers on the lower reservoir.
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SAMPLE PREPARATION AND LOADING
1. Add 5 µl 3X blue juice loading dye in 15 µl PCR reaction and mix (adjust for
different PCR volumes by diluting 1 part blue juice to between 3-6 parts PCR
reaction).
2. If needed, rinse the wells of the gel thoroughly with electrophoresis buffer using
a Pasteur pipette or 1000 µl pipette – do not get bubbles into the wells! However,
if you take out the comb when the upper reservoir is full, there are hardly ever
bubbles in the
wells.
3. Load 2 µl of 10 bp ladder in blue juice (1:1 3X blue juice to ladder) into lanes as
indicated on loading pattern (see loading pattern on microsatellite PCR Excel
sheet).
4. Load 20 µl of samples into correct wells with gel pipette tips. Place the tip into
the well but not into the acrylamide! Release the samples from the pipette tip
slowly only going to the first stop and maybe slightly farther, but never to the
second stop completely. This will prevent the sample from coming out too fast
and overflowing the well or prevent an air bubble from forming, which also forces
the sample out of the well. Make sure to put the ladder to one side so you know if
the gel is right side up or flipped when photographing it.
5. Place the upper reservoir top on and connect power supply. Connect the DC
power leads to the PowerPak with the proper polarity. Black to the black cathode
(-) and red to the red anode (+).
6. Set the power supply to between 18-25 mA for each plate. Always run to red. Use
a lower wattage if smiling (or frowning) is a problem. Run the gels until the blue
band has migrated beyond the bottom of the gel and extra ½ hour (if you are
separating fragments between 100 bp and 400 bp on an 8% or greater
polyacrylamide gel – need to check this on our 5.5% gels).
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POST-ELECTROHPORESIS – GEL PROCESSING
1. Turn off power supply and disconnect all power cords.
2. Drain buffer in upper reservoir into beaker.
3. Remove clamps and remove gel from rig.
4. Twist the spacers until plates separate. The gel will stick to one of the plates. Put
the other plates in the sink with the spongy liner in it until ready to clean.
5. Remove spacers.
6. Place plate with gel in the container with SYBR gold and buffer mix – gel side
up. Shake the gel, immersed in the dye, left to right and top to bottom until gel
slides off the plate. Be careful not to rip the gel, it should just slide off.
7. Cover with lid (the dye quenches in the light) and place on shaker at 2.5. The gel
should
remain in the dye for about 11-15 minutes. If the dye is fresh, just used once or
twice, it should take about 11-12 minutes and the more times it is used, the time
should be increased to around 15 minutes.
8. Make sure to mark the outside of the dye container with a tally mark to show
that it was used!!
9. Take a photograph of the gel using the camera in room 368 (see camera protocol).
Save the files as .TIFF and then convert to .JPEG and save both on your Z drive,
then transfer them to the lab computer.

CLEAN-UP
1. Rinse buffer reservoirs of gel rig as well as all parts with deionized water. Put
them back on to the tray, lined with fresh paper towel, allowing them to air dry.
2. Wash plates with a small amount of liquid alconox and water, rubbing with gloves
to remove any excess acrylamide.
3. Rinse plates in deionized water and CAREFULLY place in plate rack to drain.
4. Wash all glassware and rinse with deionized water.
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REAGENTS AND SUPPLIES

10X TBE Buffer

Store at 25oC

108 g Tris base
55 g Boric acid
40 ml 0.5M EDTA (pH 8.0)
Deionized water to 1L
1X TBE Buffer (from 10X)

Store at 25oC

1 part 10X TBE buffer
9 parts deioinzed water
(e.g. 100 ml 10X TBe and 900 ml H2O)
Ammonium persulfate, 10% solution (APS)
1 g ammonium persulfate (found on door of refrigerator)
10 ml glass distilled water
Aliquot in ~ 360 µl volumes

Store at -20oC
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APPENDIX D

CEQ 8000 Genetic Analysis System Fragment Analysis Protocol

SAMPLE PREPARATION
1. Dilute PCR to 1:3 by adding 30 µl SLS directly to each tube of 15 µl volume.
(Note: use gloves and lab coat).
2. Make a solution in a 1.5 ml tube containing 0.25 µl of FRAG400 and 25 µl of
SLS for each tube. (i.e. If you have 16 tubes make a solution with 4.0 µl
FRAG400 and 400 µl SLS). Make a solution for every two rows (enough for 16
samples), thus eliminating the chance of the FRAG400 not appearing in each
sample or from running out of solution.
3. Obtain an opaque loading tray and a clear buffer tray specified for CEQ8000 use.
Pipette 25 µl of the FRAG400 + SLS solution made in step 2 into each of the
wells of the tray in the rows you will be using beginning with A1 and working
down the row to H1, and then using A2 to H2 etc. Then add 5 µl of 1:2.5 PCR
with a multichannel pipetter into the wells of the plate making sure to record
which PCR was placed into which tube. Add one drop of mineral oil to each of
the tubes. In the clear buffer tray place 7 drops of separation buffer to each of the
wells corresponding to the wells of the opaque loading tray.

***Ensure the data will be placed in the proper database. Prior to operating the CEQ at
all, choose “Data Manager.” To the left on the screen, the available databases will appear
(i.e. “MCMILLAN” or ‘”GOODMAN”). Highlight the appropriate database. Click on
File at the top toolbar, and choose “Set as Working Database.” The proper database has
now been set, and the rest of the steps can be continued.
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LOADING AND RUNNING CEQ8000
DO NOT USE GLOVES WHILE WORKING ON THE COMPUTER!
1. Open CEQ system on the CEQ IBM computer. Choose RUN. On the tab menu on
the top of the screen choose DIRECT CONTROL. Choose the ACCESS PLATES
option. Hit
START. Do not open the door on CEQ8000 until prompted to. After opening the
door, remove the white covering over the buffer holder located in the front.
Remove the wetting tray located between the two tray holders. Pour the water in
the hazardous waste container and rinse. Refill to the fill line with diH2O specific
for the CEQ. Place the wetting tray back into place. Load the opaque tray first by
placing the cut corner of the tray on the upper right so that row 1 is towards the
back. Place the buffer tray the same way so that everything corresponds. Replace
the cover back on the buffer tray. Close the door and hit LOAD.
2. Under DIRECT CONTROL in the picture portion of the screen, click on the right
of the picture and choose OPTICALLY ALIGN.
3. On the tab menu on the top of the screen choose RUN. Choose the option
MONITOR BASELINE and check ENABLE MONITOR BASELINE. Data
monitor allows you to look at the baseline. Look at each one by clicking the
letters to the left on and off. No capillary (letter) should have a baseline higher
than 6000. If higher than 6000 the capillary bed must be changed or cleaned
(notify the professor). After looking at the baseline, click RUN on the top of the
screen and choose MONITOR BASELINE. Uncheck the ENABLE MONITOR
BASELINE and hit OK.
4. Under the main menu of CEQ8000 system, choose SAMPLE SETUP. Make sure
the option to CREATE A NEW SAMPLE PLATE is marked. Click OK.
5. Each block corresponds to each of the wells on the loading tray. Name each block
by: Date of PCR_Shortened Sample Abbreviation_Primer (i.e.
1130049ER100COLO14 PCR’ed on 6-6-05 with A9 would be named
6605_14_A9).
6. Highlight each column and choose FRAG3 on the tab below the column. Click on
the ANALYSIS tab on the bottom and under the PARAMETER SET scroll down
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and choose “TEST 1” if using Frag400 and “TEST 2” if using Frag600. Choose
FILE and SAVE AS. Name the file with date of run and initials (i.e. 6_6_05KB).
Choose RUN located in the toolbar at the top of the window (DO NOT choose
“Run Sample Plate” button and START). When the tray comes up and matches,
click START. If the machine lets you know that the gel life has exceeded and asks
if you want to continue choose YES. If it lets you know that there is not enough
gel to run the machine the gel must be changed.
On the tab located on the top of the screen choose REPLENISH. Choose
RELEASE GEL CARTRIDGE. When prompted, open the door located on the
bottom of the machine. The yellow tube on the floor of the machine holds the gel
tube’s cap. Pull the black lever to release the old gel cartridge and remove it. Cap
it. Uncap the new cartridge and place the cap on the yellow tube. If using a gel
cartridge that has already been used before, ensure there are no bubbles present in
the cartridge. Place the yellow tube back onto the floor of the machine. Load the
new cartridge and close the lever. Close the machine door and choose INSTALL
CARTRIDGE. Save the old gel for future runs.

ANALYSIS
1. Open CEQ SYSTEMS and choose FRAGMENTS. Choose RAW DATA.
Highlight the data you would like to analyze and click the RIGHT ARROW to
move it over. Click NEXT. Under SELECT ANALYSIS PARAMETER SET,
scroll down and choose TEST 1. Click NEXT and choose ANALYZE. Once
analyzed choose NEXT and then FINISH. Highlight the data and right click.
Choose SHOW SINGLE RESULT.
2. Record results into notebook along with CEQ filename. Update Hellbender
spreadsheet with new allele data.
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APPENDIX E: Lesson Plan for the Hellbender Conservation Genetics Activity
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Title: The Use of Genetics in Conserving the Eastern Hellbender Salamander

Time Period: Approximately 120 minutes, spread over three 40-minute class
periods

Objectives: Students will be able to
•

Model the amplification of DNA during PCR

•

Identify a microsatellite region and primers in a sequence of DNA (primers
in advanced version only)

•

Identify bands in a gel as either homozygous or heterozygous

•

Determine genotypes of bands on a gel

•

Calculate and graph allele and genotype frequencies

•

Determine genetic variability from allele and genotype frequency graphs

•

Explain why it is important to conserve the eastern hellbender salamander

NYS Living Environment Standards: 1.1f, 2.1b, 2.1e, 2.1f, 2.1h, 3.1d, 3.1f, 3.1g, 3.1h,
6.1e, 6.2a, 6.3a, 6.3c, 7.1c, 7.2a

Prerequisites: This activity is designed to be used at the end of the genetics unit.
Students must be able to distinguish between homozygotes and heterozygotes, and
between alleles and genotypes. Students should have some background on the
Polymerase Chain Reaction (PCR) and gel electrophoresis. It may also be helpful to
use this activity after students have learned about ecology and evolution, as
concepts from these units are also incorporated into this activity.
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Materials:
•

Projector with computer or SMART board to show PowerPoint presentation

•

PowerPoint presentation

•

Student notes worksheet

•

Activity: The Use of Genetics in Conserving the Eastern Hellbender
Salamander

Procedure:
•

Engage: Show students the three statements from the “fact or myth” slide
about hellbenders in the PowerPoint. For each statement, have students
raise their hands to show if they think the statement is a fact or myth.
Next, show the YouTube video from the link in the PowerPoint (Hellbender!
The Latest Zoo Animal Misconception Video: http://www.youtube.com/
watch? v=5sz3 LoqPSwQ), and tell students to think about the answers they
gave to the “fact or myth” statements while watching the video. After the
video, ask students each “fact or myth” statement, and have students raise
their hands to vote for their answer. Then, go through the answers with the
students to the different statements. Continue with the hellbender fun
facts in the PowerPoint. (10 to 15 minutes)

•

Continue with the PowerPoint presentation on hellbenders and conservation,
making sure that students are filling in the student notes worksheet for the
following activities (40 to 50 minutes)
o

PCR

o

Identifying microsatellites and primers (primers in advanced version
only)

•

o

Determining genetic variability from allele frequencies

o

Determining genetic variability from genotype frequencies

Students work in groups of 2-4 on the hellbender conservation genetics
activity (60 minutes)
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Modified procedure : For the regents version, a modification that can be made is to
do the lesson in parts, by first presenting part of the PowerPoint, and then to
complete a section of the hellbender conservation genetics activity that
corresponds to that section. This would be done instead of first presenting the
entire PowerPoint and then having students complete the entire activity.
•

Follow the same directions for the engagement activity.

•

Continue with the PowerPoint presentation, pausing after explaining PCR
o

Guide students in completing the section of the student notes
worksheet on PCR and microsatellites

o

Next, have students complete part 1 in the hellbender conservation
genetics activity on modeling PCR

•

Continue with the PowerPoint presentation, pausing after explaining gel
electrophoresis (up to the slide before the “genetic variability” slide; slide
37 for the regents version, slide 44 for the advanced version)
o

Next, have students complete part 2 in the hellbender conservation
genetics activity on modeling gel electrophoresis

•

Continue with the remaining PowerPoint presentation slides on genetic
variability
o

While presenting this section of the PowerPoint, guide students in
completing the sections of the student notes worksheet on
determining genetic variability from allele and genotype frequencies

o

Next, have students complete part 3 in the hellbender conservation
genetics activity on analysis of genotyping data

o

After completing part 3, students will complete part 4 of the
activity: concluding questions
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Homework: Students will finish the concluding questions for homework if not
completed in class.

Assessment: Students will turn in the hellbender conservation genetics activity to
be graded.

Literature Cited:
Johnson, T.J. & Briggler, J. (2004). The Hellbender – A unique and ancient species
of aquatic salamander in great need of help to survive in our Ozark streams.

Conservation Commission of the State of Missouri, 1-8.
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APPENDIX F: Regents Level PowerPoint Presentation for the Hellbender Conservation
Genetics Activity
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APPENDIX G: Regents Level Student Notes Worksheet with Answers for the
Hellbender Conservation Genetics Activity
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The Use of Genetics in Conserving the Eastern Hellbender Salamander
Student Notes
Polymerase Chain Reaction (PCR)
To determine the genotypes of the hellbenders, we first need to make many copies
(called amplification) of the microsatellites regions of the DNA through PCR

During the first cycle of PCR, the double-stranded DNA separates into ___2___
separate strands, each which will make a copy of itself.
How many strands of DNA do you have after…
•

one cycle of replication? ____4____

•

two cycles of replication? ____8____

•

three cycles of replication? ___16____

Microsatellites
A ___microsatellite_______ is a segment of DNA that has a repeating set of
nucleotides (example: CAGA repeated eight times).
Below is a DNA sequence with the microsatellite regions highlighted.

Write out the 3 microsatellite regions, using the correct nomenclature.
1st microsatellite: [AC]10

2nd microsatellite: [ATCG]9

3rd microsatellite: [TCG]6
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Determining Genetic Variability from Allele Frequencies

Frequency (%)

30
25
20
15

Graph 1

10
5
0
205

209

213

217

225

229

233

Allele

Frequency (%)

50
40
30

Graph 2

20
10
0
205

213

217

229

Allele
What are some observations you can make about these two graphs?
Some possible answers…
Graph 1 has more alleles than graph 2 (7 alleles in graph 1, 4 alleles in graph 2).
Graph 1 alleles range from 205-233 and graph 2 alleles range from 205-229. The
allele with the highest frequency in graph 1 is 209 (about 27%). The allele with the
highest frequency in graph 2 is 213 (about 46%).

Which graph shows greater genetic variability? How can you tell?
Graph 1 shows greater genetic variability than graph 2 (graph 1 has 7 alleles and
graph 2 has 4 alleles). Graph 1 shows there is a lot of genetic variability.
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Determining Genetic Variability from Genotype Frequencies

Frequency (%)

20
15
10

Graph 1

5
0

Frequency (%)

Genotype

35
30
25
20
15
10
5
0

Graph 2

Genotype
What are some observations you can make about these two graphs?
Some possible answers…
Graph 1 has 16 different genotypes and graph 2 has 5 different genotypes. The
most frequent genotype for graph 1 is 213/225 (about 16%). The most frequent
genotypes for graph 2 are 205/213 and 205/209 (each have a frequency of about
33%).
Which graph shows greater genetic variability? How can you tell?
Graph 1 shows greater genetic variability than graph 2 (graph 1 has 16 different
genotypes and graph 2 has 5 different genotypes). Graph 1 shows there is a lot of
genetic variability (NOTE: Even though graph 1 frequencies are much lower, this is
because there are many different genotypes; you can only have higher frequencies
with less genotypes).
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APPENDIX H: Regents Level Hellbender Conservation Genetics Activity with Answers
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The Use of Genetics in Conserving the
Eastern Hellbender Salamander

Introduction (Activity 100 points total)
We are living in a time in which there are rapid declines in numerous species
of organisms. Such declines have resulted in the extinction of many species.
Populations of the Eastern Hellbender salamander are quickly declining,
making this a species of special concern in New York State (which is the
northernmost reach of their geographic range). Contributing factors to
their decline might include UV radiation from the sun, predation by other
animals, disease, changes in climate, and, probably most importantly, humans
using the natural habitats of hellbenders for agriculture and recreation.
So what exactly is a hellbender? Hellbenders are giant aquatic salamanders
that grow to be an average length of 50 centimeters, with some growing to
be as long as 74 centimeters (over 2 feet long). Hellbenders have important
ecological roles as both predator and prey. An example of the hellbender
fulfilling its ecological role is seen in the picture below (preying on crayfish).
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In order to help declining populations of hellbenders, we need to figure out
how to best conserve them. Conservation biologists are concerned with
preserving biodiversity in natural areas. Using genetics to study the
population structure of hellbenders will help us to figure out how to best
conserve them. Genetic markers such as microsatellites can be used to study
the population structure. A microsatellite is a segment of DNA that has a
repeating set of nucleotides (such as the sequence CAGA repeated eight
times). Because microsatellites have high mutation rates, they are a useful
tool to measure genetic variation in a population. Microsatellites are found in
non-coding regions of DNA, but are indicators of genetic variability in DNA
regions that do code for genes. High mutation rates indicate more variation
in the population, which will help a population to better survive through
natural selection.
Microsatellites are used to determine the genotype of the hellbenders.
Collectively, all of the genotypes are used to determine how much genetic
variation is present in the population. Through the use of the Polymerase
Chain Reaction (PCR), many copies of the microsatellite regions of DNA can
be made (this is called DNA amplification). In the eastern hellbender, 12
microsatellite regions have been identified, with 10 of these useful for
genotyping, since they show a lot of genetic variability. After DNA
amplification, the hellbenders can be genotyped. It is best to use a few
different microsatellite sequences for genotyping in order to determine the
maximum amount of genetic variation present in the population.
In this activity, you will model PCR using the sequences for one
microsatellite region found in eastern hellbender salamanders. Next, you will
model gel electrophoresis, which is used for genotyping. Lastly, given the
genotypes for 25 hellbenders at one microsatellite region, you will determine
genotype and allele frequencies and construct graphs with these frequencies
to determine genetic variation present in this population.
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Part 1: Modeling PCR (20 points total)
During DNA replication, the double stranded DNA separates and one copy of
each DNA strand is made. This happens over many cycles during PCR to make
millions to billions of copies of the DNA.

If you start with one piece of DNA and then separate it, how many
strands of DNA do you have to make copies from? _____2______ Draw
a picture to support your answer (draw your own DNA strands using base
pairs – A,T,C,G – making them 6 to 8 base pairs in length). Example
answer: (2 points)

T A G A C T C

A T C T G A G

How many strands of DNA do you have after one cycle of
replication?___4___ Draw a picture to support your answer. (First
rewrite the two strands you made under “original.” Then, write out what
the new strands would look like following the base pairing rule.) Example
answer: (4 points)

Original: T

New:

A G A C T C

A T C T G A G

Original: A

New:

T C T G A G

T A G A C T C
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After the second cycle of replication, how many strands of DNA are
there?__8___ Draw a picture to support your answer. (First rewrite
the four strands you made in the last question under “original.” Then,
write out what the new strands would look like following the base pairing
rule) Example answer: (5 points)

Original: T A G A C T C

Original: A T C T G A G

New:

New:

A T C T G A G

T A G A C T C

Original: A T C T G A G

Original: T A G A C T C

New:

New:

T A G A C T C

A T C T G A G

The following is part of a sequence of DNA from a real hellbender. The
sequence of the microsatellite region is highlighted.
acccataatggtaatagctgcatggaataaaagactaattagatagatagatagatagatagata
gatagatagatagatagatagatagatagatagatagatagatagatagagacattcaaatgcct
cagtggtgtaaacacagtagaggaagtgaacatatttcagcggaggtgtg

Write out the sequence of the microsatellite below, using the correct
nomenclature (Remember, a microsatellite is a repeating pattern. Refer
to your notes on writing microsatellites with the correct nomenclature).
(3 points)

[GATA]18
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During PCR, the microsatellite sequence specifically gets replicated, and not
the entire DNA sequence. You will now simulate DNA replication of the
microsatellite region during PCR.
Below, write out the entire microsatellite sequence (it will probably take
more than one line). Make sure to leave space between each line of the
sequence. Label this sequence the original DNA. Below the original DNA
sequence, write out the new sequence, following the base-pairing rule.
Label this sequence the new DNA. (6 points)

G A T A G A T A G A T A G A T A G A
C T A T

C T A T C T

A T C T A T C T

T A G A T A G A T A G A T A G A T A
A T C

T A T C T A T C T A T C T

A T

G A T A G A T A G A T A G A T A G A
C T A T

C T A T C T

A T C T A T C T

T A G A T A G A T A G A T A G A T A
A T C

T A T C T A T C T A T C T

Red = original DNA strands

A T

Blue = new DNA strands
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Part 2: Modeling Gel Electrophoresis (20 points total)
After PCR, the amplified DNA sample will be run through gel
electrophoresis, and bands will form in the gel. If the hellbender is
homozygous, one band will form. If the hellbender is heterozygous, two
bands will form. Below is a real gel with hellbender DNA. The left lane is the
DNA ladder.

Looking at the bands in six lanes that are boxed in white, which lanes
have homozygous hellbenders, and which have heterozygous hellbenders?
Write your answer next to each lane number in the table below.
(Students may give answers in parenthesis for lanes 1 and 3, which are
correct if they wrote one band is a homozygote or two bands are a
heterozygote) (6 points)
Lane number

One or two bands?

Homozygote or heterozygote?

1

two (or one)

heterozygote (or homozygote)

2

one

homozygote

3

two (or one)

heterozygote (or homozygote)

4

one

homozygote

5

two

heterozygote

6

two

heterozygote
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Below is a representation of a gel with a DNA ladder and 10 real hellbender
DNA samples. For each sample, write the genotype in the space below the
lane. The first sample has been completed as an example. (10 points)
DNA

#1

#2

#3

#4

#5

#6

#7

#8

#9

#10

ladder
____
205
____
209
____
213

____

____

____

____

____

____

____

____

____

____

____

____

____

____

____
217
____
225
____
229

____

____

____

____
233

____

____

____
237

213/
225
____

209/
233
____

213/
225
____

#1

#2

#3

213/
209/
229
213
____ ____
#4

#5

205/
209
____

209/
225
____

213/
225
____

205/
205
____

213/
233
___

#6

#7

#8

#9

#10

141

In real life, genotyping on a gel is much more difficult and would take much
longer. To speed up the process, a fluorescent detection machine is used to
determine the genotypes for you. Below is a picture of what collected data
looks like.

The peaks here are like the bands that form on a gel. Which numbered peaks
represent the DNA ladder? Which numbered peaks show the genotype of the
hellbender? (Note…the numbers represent the size of the DNA fragment).
(4 points)

The peaks numbered 180, 190, 200, 220, and 240 represent the DNA ladder.
The peaks numbered 202 and 218 show the genotype of the hellbender.
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Part 3: Analysis of Genotyping Data (35 points total)
After determining the genotypes of the hellbenders, the genotype and allele
frequencies can be calculated to determine the amount of genetic variation
in the population.
The following are the alleles present at one microsatellite region for a
sample of 25 hellbenders from one population. Also listed is the number of
times that allele appears in the population. Calculate the allele frequency
using the formula below. The first allele has been completed as an example.
Use your data to make a bar graph. On the bar graph, label the x-axis with
the allele numbers (from the first column on the chart) and label the y-axis
as frequency (%). (table worth 5 points)
Frequency = number of specific allele in population
_________________________________ X 100 = _________ %
total number of alleles in population

Allele

Number of

Frequency (show calculations)

Frequency (final

alleles

answer as a

present

percentage)

(total = 50)
205

8

8/50 = 0.16 x 100 = 16%

16%

209

12

12/50 = 0.24 x 100 = 24%

24%

213

12

12/50 = 0.24 x 100 = 24%

24%

217

1

1/50 = 0.02 x 100 = 2%

2%

225

9

9/50 = 0.18 x 100 = 18%

18%

229

4

4/50 = 0.08 x 100 = 8%

8%

233

4

4/50 = 0.08 x 100 = 8%

8%
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Allele Frequencies
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Allele Frequencies
30

Frequency (%)

25

20

15

10

5

0
205

209

213

217

Allele

(graph worth 10 points total)
2 points for labeled x-axis
2 points for labeled y-axis
1 point for appropriate scale on x-axis
1 point for appropriate scale on y-axis
4 points for graphed data

225

229

233
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Now that you have calculated and graphed allele frequencies, you can do the
same for genotype frequencies. The following are the genotypes present at
one microsatellite region for the same sample of 25 hellbenders from one
population. Also listed is the number of times that genotype appears in the
population. Calculate the genotype frequency using the same formula, but
replace alleles with genotypes. The first genotype has been completed as an
example. Use your data to make a bar graph. On the bar graph, label the xaxis with the genotype (from the first column on the chart) and label the yaxis as frequency (%). (table:10 points)
Genotype

Number of

Frequency (show calculations)

Frequency

hellbenders with

(final answer as

that genotype

a percentage)

(total = 25)
205/205

1

1/25 = 0.04 x 100 = 4%

4%

205/209

1

1/25 = 0.04 x 100 = 4%

4%

205/213

2

2/25 = 0.08 x 100 = 8%

8%

205/217

1

1/25 = 0.04 x 100 = 4%

4%

205/229

2

2/25 = 0.08 x 100 = 8%

8%

209/209

1

1/25 = 0.04 x 100 = 4%

4%

209/213

2

2/25 = 0.08 x 100 = 8%

8%

209/225

3

3/25 = 0.12 x 100 = 12%

12%

209/229

1

1/25 = 0.04 x 100 = 4%

4%

209/233

3

3/25 = 0.12 x 100 = 12%

12%

213/225

6

6/25 = 0.24 x 100 = 24%

24%

213/229

1

1/25 = 0.04 x 100 = 4%

4%

213/233

1

1/25 = 0.04 x 100 = 4%

4%
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Genotype Frequencies
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Genotype Frequencies
30

Frequency (%)

25
20
15
10
5
0

Genotype

(graph worth 10 points total)
2 points for labeled x-axis
2 points for labeled y-axis
1 point for appropriate scale on x-axis
1 point for appropriate scale on y-axis
4 points for graphed data
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Part 4: Concluding Questions (25 points total)

*The answers to questions #1-3 can be found in the introduction section
(the first two pages).

1. What can be done to help us figure out how to best conserve
hellbenders? (3 points total)
We can use genetics to study the population structure of hellbenders.

2. What type of genetic markers can be used to study population
structure? Explain what these markers are and why they are useful.
(4 points)
Microsatellites can be used to study the population structure. A
microsatellite is a segment of DNA that has a repeating set of
nucleotides. Because microsatellites have high mutation rates, they
are a useful tool to measure genetic variation in a population.

3. Oftentimes, mutations can be harmful to a species. However,
mutations can sometimes be beneficial. Why can high mutation rates
be a good thing?

(3 points)

Microsatellites are found in non-coding regions of DNA, but are
indicators of genetic variability in DNA regions that do code for
genes. High mutation rates indicate more variation in the population,
which will help a population to better survive through natural
selection.
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4. What are some observations/conclusions you can make from the allele
frequency data? What does this show about genetic variation in these
hellbenders? (Things to include: how many alleles there are, range of
the allele numbers, alleles with the highest frequency.) (5 points)
Some possible answers include…
At this microsatellite region, there are 7 different alleles. The alleles
are in the range of 205-233, with alleles increasing in increments of 4
(except there is no 221 allele). The alleles with the highest frequency
are 209 and 213 (12%). The allele with the lowest frequency is 217
(1%). The other alleles have frequencies about intermediate to that of
the highest and lowest allele frequencies (4% to 12%). Considering the
fact that an organism only has two alleles for a given gene (one from
the mother and one from the father), this seems to show there is a
good amount of genetic variation in these hellbenders.

5. What are some observations/conclusions you can make from the
genotype frequency data? What does this show about genetic
variation in these hellbenders? (Things to include: how many different
genotypes there are, which genotype has the highest frequency,
comments on genotype frequencies and what this means.) (5 points)
Some possible answers include…
At this microsatellite region, there are 13 different genotypes,
showing that there are many different combinations that 7 alleles can
make in the offspring. The most frequent genotype is 213/215 (24%).
There are several genotypes with the lowest frequency of 4%. Most
of the genotypes are evenly distributed among these hellbenders. The
number of genotypes seems to show there is a good amount of genetic
variation in these hellbenders.
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6. What are some overall conclusions you can make from this activity?
Make sure to include why all of this is important – why do we care?
(You might want to go back to the introduction section for some
information. Think about everything you learned and how this all ties
in together.) (5 points)
Some possible answers include…
At this microsatellite region, there are 13 different genotypes,
showing that there are many different combinations that 7 alleles can
make in the offspring. The most frequent genotype is 213/215 (24%).
There are several genotypes with the lowest frequency of 4%. Most
of the genotypes are evenly distributed among these hellbenders. The
number of genotypes seems to show there is a good amount of genetic
variation in these hellbenders.
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APPENDIX I: Advanced Level PowerPoint Presentation for the Hellbender Conservation
Genetics Activity
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APPENDIX J: Advanced Level Student Notes Worksheet with Answers for the
Hellbender Conservation Genetics Activity
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The Use of Genetics in Conserving the Eastern Hellbender Salamander:
Student Notes
Polymerase Chain Reaction (PCR)
To determine the genotypes of the hellbenders, we first need to make many copies
(called amplification) of the microsatellites regions of the DNA through PCR

During the first cycle of PCR, the double-stranded DNA separates into ___2___
separate strands, each which will make a copy of itself.
How many strands of DNA do you have after…
•

one cycle of replication? ____4____

•

two cycles of replication? ____8____

•

three cycles of replication? ___16____

Microsatellites and Primers
A ___microsatellite_______ is a segment of DNA that has a repeating set of
nucleotides (example: CAGA repeated eight times).
A ____primer_______ is a DNA sequence that is required for starting DNA
replication.
•

Since DNA has two strands, there is a ____forward____ primer for
one strand and a ____reverse_______ primer for the other strand
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Activity
Below is a DNA sequence. The microsatellite regions and forward and reverse
primers are highlighted. There are
•

2 microsatellite regions

•

2 forward primers

•

2 reverse primers

Which highlighted (or underlined) sequences are the microsatellite regions? How do
you know?
The highlighted sequences (in green) are the microsatellite regions, You can tell
because there is a sequence of bases being repeated.
Write out the two microsatellite regions, using the correct nomenclature.
First microsatellite: [AC]10
Second microsatellite: [GTCG]9
Which highlighted (or underlined) sequences are the primers? How do you know?
The underlined sequences (highlighted in yellow) are the primers. These sequences
don’t have a repeat pattern. Also, there is one in front and one after each
microsatellite (the forward and reverse primers).
How do you know which primers are forward or reverse? How do you read these
primers?
The forward primers are in front of the microsatellite and the reverse primers are
after the microsatellite. The forward primer is read from left to right. The
reverse primer is read from right to left.
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Determining Genetic Variability from Allele Frequencies

Frequency (%)

30
25
20
15

Graph 1

10
5
0
205

209

213

217

225

229

233

Allele

Frequency (%)

50
40
30

Graph 2

20
10
0
205

213

217

229

Allele
What are some observations you can make about these two graphs?
Some possible answers…
Graph 1 has more alleles than graph 2 (7 alleles in graph 1, 4 alleles in graph 2).
Graph 1 alleles range from 205-233 and graph 2 alleles range from 205-229. The
allele with the highest frequency in graph 1 is 209 (about 27%). The allele with the
highest frequency in graph 2 is 213 (about 46%).

Which graph shows greater genetic variability? How can you tell?
Graph 1 shows greater genetic variability than graph 2 (graph 1 has 7 alleles and
graph 2 has 4 alleles). Graph 1 shows there is a lot of genetic variability.
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Determining Genetic Variability from Genotype Frequencies

Frequency (%)

20
15
10

Graph 1

5
0

Genotype

Frequency (%)

35
30
25
20
15

Graph 2

10
5
0
205/205205/213205/217205/229213/229

Genotype
What are some observations you can make about these two graphs?
Some possible answers…
Graph 1 has 16 different genotypes and graph 2 has 5 different genotypes. The
most frequent genotype for graph 1 is 213/225 (about 16%). The most frequent
genotypes for graph 2 are 205/213 and 205/209 (each have a frequency of about
33%).
Which graph shows greater genetic variability? How can you tell?
Graph 1 shows greater genetic variability than graph 2 (graph 1 has 16 different
genotypes and graph 2 has 5 different genotypes). Graph 1 shows there is a lot of
genetic variability (NOTE: Even though graph 1 frequencies are much lower, this is
because there are many different genotypes; you can only have higher frequencies
with less genotypes).
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APPENDIX K: Advanced Level Hellbender Conservation Genetics Activity with
Answers
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The Use of Genetics in Conserving the
Eastern Hellbender Salamander

Introduction (Activity 100 points total)
We are living in a time in which there are rapid declines in numerous species
of organisms. Such declines have resulted in the extinction of many species.
Populations of the Eastern Hellbender salamander are quickly declining,
making this a species of special concern in New York State (which is the
northernmost reach of their geographic range). Contributing factors to
their decline might include UV radiation from the sun, predation by other
animals, disease, changes in climate, and, probably most importantly, humans
using the natural habitats of hellbenders for agriculture and recreation.
So what exactly is a hellbender? Hellbenders are giant aquatic salamanders
that grow to be an average length of 50 centimeters, with some growing to
be as long as 74 centimeters (over 2 feet long). Hellbenders have important
ecological roles as both predator and prey. An example of the hellbender
fulfilling its ecological role is seen in the picture below (preying on crayfish).
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In order to help declining populations of hellbenders, we need to figure out
how to best conserve them. Conservation biologists are concerned with
preserving biodiversity in natural areas. Using genetics to study the
population structure of hellbenders will help us to figure out how to best
conserve them. Genetic markers such as microsatellites can be used to study
the population structure. A microsatellite is a segment of DNA that has a
repeating set of nucleotides (such as the sequence CAGA repeated eight
times). Because microsatellites have high mutation rates, they are a useful
tool to measure genetic variation in a population. Microsatellites are found in
non-coding regions of DNA, but are indicators of genetic variability in DNA
regions that do code for genes. High mutation rates indicate more variation
in the population, which will help a population to better survive through
natural selection.
Microsatellites are used to determine the genotype of the hellbenders.
Collectively, all of the genotypes are used to determine how much genetic
variation is present in the population. Through the use of the Polymerase
Chain Reaction (PCR), many copies of the microsatellite regions of DNA can
be made (this is called DNA amplification). In the eastern hellbender, 12
microsatellite regions have been identified, with 10 of these useful for
genotyping, since they show a lot of genetic variability. In order to amplify
the microsatellite region, a primer (a DNA sequence that is required for
starting DNA replication) specific to the microsatellite sequence must be
used. After DNA amplification, the hellbenders can be genotyped. It is best
to use a few different microsatellite sequences for genotyping to get an
estimate of the amount of genetic variation present in the population.
In this activity, you will model PCR using the primer and microsatellite
sequences for one microsatellite region found in eastern hellbender
salamanders. Next, you will model gel electrophoresis to visualize the
genotypes of the hellbenders. Lastly, given the genotypes for 25 hellbenders
at one microsatellite region, you will determine genotype and allele
frequencies and construct graphs with these frequencies to determine
genetic variation present in this population.
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Part 1: Modeling PCR (20 points total)
During DNA replication, the double stranded DNA separates and one copy of
each DNA strand is made. This happens over many cycles during PCR to make
millions to billions of copies of the DNA.

If you start with one piece of DNA and then separate it, how many
strands of DNA do you have to make copies from? _____2______ Draw
a picture to support your answer (draw your own DNA strands using base
pairs – A,T,C,G – making them 6 to 8 base pairs in length). Example
answer: (2 points)

T A G A C T C

A T C T G A G

How many strands of DNA do you have after one cycle of
replication?___4___ Draw a picture to support your answer. (First
rewrite the two strands you made under “original.” Then, write out what
the new strands would look like following the base pairing rule.) Example
answer: (3 points)

Original: T A G A C T C

Original: A T C T G A G

New:

New:

A T C T G A G

T A G A C T C
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After the second cycle of replication, how many strands of DNA are
there?__8___ Draw a picture to support your answer. (First rewrite
the four strands you made in the last question under “original.” Then,
write out what the new strands would look like following the base pairing
rule) Example answer: (4 points)

Original: T A G A C T C
New:

A T C T G A G

Original: A T C T G A G
New:

T A G A C T C

Original: A T C T G A G
New:

T A G A C T C

Original: T A G A C T C
New:

A T C T G A G

The following is a sequence of DNA from a hellbender microsatellite region.
Remember, we need a primer to initiate DNA replication. Primers are
specific sequences located in front of the microsatellite region. The
following is part of a sequence of DNA from a real hellbender, which
includes the forward and reverse primers specific to the microsatellite
sequence.
acccataatg gtaatagctg catggaataa aagactaatt agatagatag atagatagat
agatagatag atagatagat agatagatag atagatagat agatagatag atagagacat
tcaaatgcct cagtggtgta aacacagtag aggaagtgaa catatttcag cggaggtgtg
aatctggaac aagggtccat gagataagat ttgaaggggg gaggctgagg agtaacatga
ggaaat

Which of the highlighted sequences above is the microsatellite? How can
you tell? Write out the sequence of the microsatellite below, using the
correct nomenclature. (3 points)
The darker highlighted sequence is the microsatellite because it has a
repeat sequence. [GATA]18
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What is the sequence of the forward primer? What is the sequence of
the reverse primer? How do you know which primer is which, and how to
correctly read them? (4 points)
The sequence of the forward primer is CCCATAATGGTAATAGCTGCAT
The sequence of the reverse primer is CCTGGGAACAAGGTCTAAGT
The forward primer is the highlighted sequence in front of the
microsatellite sequence. The forward primer is read in the normal order,
from left to right.
The reverse primer is the highlighted sequence that comes after the
microsatellite sequence. Since this is the reverse primer, it is read in the
reverse direction – from right to left. So, we can’t just write down the
sequence in the normal direction from left to right. Instead, we need to
start at the end of the sequence and read it backwards.

During PCR, the microsatellite sequence specifically gets replicated, and not
the entire DNA sequence. You will now simulate DNA replication of the
microsatellite region during PCR.

Below, write out the entire microsatellite sequence (it will probably take
more than one line). Make sure to leave space between each line of the
sequence. Label this sequence the original DNA. Below the original DNA
sequence, write out the new sequence, following the base-pairing rule.
Label this sequence the new DNA. (4 points)
See next page for answer.
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G A T A G A T A G A T A G A T A G A
C T A T

C T A T C T

A T C T A T C T

T A G A T A G A T A G A T A G A T A
A T C

T A T C T A T C T A T C T

A T

G A T A G A T A G A T A G A T A G A
C T A T

C T A T C T

A T C T A T C T

T A G A T A G A T A G A T A G A T A
A T C

T A T C T A T C T A T C T

Red = original DNA strands

A T

Blue = new DNA strands
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Part 2: Modeling Gel Electrophoresis (20 points total)
After PCR, the amplified DNA sample will be run through gel
electrophoresis, and bands will form in the gel. If the hellbender is
homozygous, one band will form. If the hellbender is heterozygous, two
bands will form. Below is a real gel with hellbender DNA. The left lane is the
DNA ladder.

Looking at the bands in six lanes that are boxed in white, which lanes
have homozygous hellbenders, and which have heterozygous hellbenders?
Write your answer next to each lane number in the table below.
(Students may give answers in parenthesis for lanes 1 and 3, which are
correct if they wrote one band is a homozygote or two bands are a
heterozygote) (6 points)
Lane number

One or two bands?

Homozygote or heterozygote?

1

two (or one)

heterozygote (or homozygote)

2

one

homozygote

3

two (or one)

heterozygote (or homozygote)

4

one

homozygote

5

two

heterozygote

6

two

heterozygote
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Below is a representation of a gel with a DNA ladder and 10 real hellbender
DNA samples. For each sample, write the genotype in the space below the
lane. The first sample has been completed as an example. (10 points)
DNA

#1

#2

#3

#4

#5

#6

#7

#8

#9

#10

ladder
____
205
____
209
____
213

____

____

____

____

____

____

____

____

____

____

____

____

____

____

____
217
____
225
____
229

____

____

____

____
233

____

____

____
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In real life, genotyping on a gel is much more difficult and would take much
longer. To speed up the process, a fluorescent detection machine is used to
determine the genotypes for you. Below is a picture of what collected data
looks like.

The peaks here are like the bands that form on a gel. Which numbered peaks
represent the DNA ladder? Which numbered peaks show the genotype of the
hellbender? (Note…the numbers represent the size of the DNA fragment).
(4 points)

The peaks numbered 180, 190, 200, 220, and 240 represent the DNA ladder.
The peaks numbered 202 and 218 show the genotype of the hellbender.
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Part 3: Analysis of Genotyping Data (35 points total)
After determining the genotypes of the hellbenders, the genotype and allele
frequencies can be calculated to determine the amount of genetic variation
in the population.
The following are the alleles present at one microsatellite region for a
sample of 25 hellbenders from one population. Also listed is the number of
times that allele appears in the population. Calculate the allele frequency
using the formula below. The first allele has been completed as an example.
Use your data to make a bar graph. On the bar graph, label the x-axis with
the allele numbers (from the first column on the chart) and label the y-axis
as frequency (%). (table worth 5 points)
Frequency = number of specific allele in population
_________________________________ X 100 = _________ %
total number of alleles in population

Allele

Number of

Frequency (show calculations)

Frequency (final

alleles

answer as a

present

percentage)

(total = 50)
205

8

8/50 = 0.16 x 100 = 16%

16%

209

12

12/50 = 0.24 x 100 = 24%

24%

213

12

12/50 = 0.24 x 100 = 24%

24%

217

1

1/50 = 0.02 x 100 = 2%

2%

225

9

9/50 = 0.18 x 100 = 18%

18%

229

4

4/50 = 0.08 x 100 = 8%

8%

233

4

4/50 = 0.08 x 100 = 8%

8%

177

Allele Frequencies
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Allele Frequencies
30

Frequency (%)

25

20

15

10

5

0
205

209

213

217

Allele

(graph worth 10 points total)
2 points for labeled x-axis
2 points for labeled y-axis
1 point for appropriate scale on x-axis
1 point for appropriate scale on y-axis
4 points for graphed data

225

229

233
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Now that you have calculated and graphed allele frequencies, you can do the
same for genotype frequencies. The following are the genotypes present at
one microsatellite region for the same sample of 25 hellbenders from one
population. Also listed is the number of times that genotype appears in the
population. Calculate the genotype frequency using the same formula, but
replace alleles with genotypes. The first genotype has been completed as an
example. Use your data to make a bar graph. On the bar graph, label the xaxis with the genotype (from the first column on the chart) and label the yaxis as frequency (%). (table:10 points)
Genotype

Number of

Frequency (show calculations)

Frequency

hellbenders with

(final answer as

that genotype

a percentage)

(total = 25)
205/205

1

1/25 = 0.04 x 100 = 4%

4%

205/209

1

1/25 = 0.04 x 100 = 4%

4%

205/213

2

2/25 = 0.08 x 100 = 8%

8%

205/217

1

1/25 = 0.04 x 100 = 4%

4%

205/229

2

2/25 = 0.08 x 100 = 8%

8%

209/209

1

1/25 = 0.04 x 100 = 4%

4%

209/213

2

2/25 = 0.08 x 100 = 8%

8%

209/225

3

3/25 = 0.12 x 100 = 12%

12%

209/229

1

1/25 = 0.04 x 100 = 4%

4%

209/233

3

3/25 = 0.12 x 100 = 12%

12%

213/225

6

6/25 = 0.24 x 100 = 24%

24%

213/229

1

1/25 = 0.04 x 100 = 4%

4%

213/233

1

1/25 = 0.04 x 100 = 4%

4%
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Genotype Frequencies
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Genotype Frequencies
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Frequency (%)

25
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15
10
5
0

Genotype

(graph worth 10 points total)
2 points for labeled x-axis
2 points for labeled y-axis
1 point for appropriate scale on x-axis
1 point for appropriate scale on y-axis
4 points for graphed data
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Part 4: Concluding Questions (25 points total)
*The answers to questions #1-4 can be found in the introduction section
(the first two pages).

1. What can be done to help us figure out how to best conserve
hellbenders? (2 points total)
We can use genetics to study the population structure of hellbenders.

2. What type of genetic markers can be used to study population
structure? Explain what these markers are and why they are useful.
(3 points)
Microsatellites can be used to study the population structure. A
microsatellite is a segment of DNA that has a repeating set of
nucleotides. Because microsatellites have high mutation rates, they
are a useful tool to measure genetic variation in a population.

3. Oftentimes, mutations can be harmful to a species. However,
mutations can sometimes be beneficial. Why can high mutation rates
be a good thing?

(3 points)

Microsatellites are found in non-coding regions of DNA, but are
indicators of genetic variability in DNA regions that do code for
genes. High mutation rates indicate more variation in the population,
which will help a population to better survive through natural
selection.
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4. DNA is amplified through the use of PCR. What is specifically needed
to amplify (or make many copies of) a microsatellite region? (2
points)
A primer specific to the microsatellite sequence is needed to amplify
a microsatellite region.
5. What are some observations/conclusions you can make from the allele
frequency data? What does this show about genetic variation in these
hellbenders? (Things to include: how many alleles there are, range of
the allele numbers, alleles with the highest frequency.) (5 points)
Some possible answers include…
At this microsatellite region, there are 7 different alleles. The alleles
are in the range of 205-233, with alleles increasing in increments of 4
(except there is no 221 allele). The alleles with the highest frequency
are 209 and 213 (12%). The allele with the lowest frequency is 217
(1%). The other alleles have frequencies about intermediate to that of
the highest and lowest allele frequencies (4% to 12%). Considering the
fact that an organism only has two alleles for a given gene (one from
the mother and one from the father), this seems to show there is a
good amount of genetic variation in these hellbenders.

6. What are some observations/conclusions you can make from the
genotype frequency data? What does this show about genetic
variation in these hellbenders? (Things to include: how many different
genotypes there are, which genotype has the highest frequency,
comments on genotype frequencies and what this means.) (5 points)
Some possible answers include…
At this microsatellite region, there are 13 different genotypes,
showing that there are many different combinations that 7 alleles can
make in the offspring. The most frequent genotype is 213/215 (24%).
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There are several genotypes with the lowest frequency of 4%. Most
of the genotypes are evenly distributed among these hellbenders. The
number of genotypes seems to show there is a good amount of genetic
variation in these hellbenders.

7. What are some overall conclusions you can make from this activity?
Make sure to include why all of this is important – why do we care?
(You might want to go back to the introduction section for some
information. Think about everything you learned and how this all ties
in together.) (5 points)
Some possible answers include…
At this microsatellite region, there are 13 different genotypes,
showing that there are many different combinations that 7 alleles can
make in the offspring. The most frequent genotype is 213/215 (24%).
There are several genotypes with the lowest frequency of 4%. Most
of the genotypes are evenly distributed among these hellbenders. The
number of genotypes seems to show there is a good amount of genetic
variation in these hellbenders.

